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TIMBER PRESERVATION 


Has Increased Life of Ties From 
SEVEN TO OVER TWENTY YEARS 


A PIONEER AND LEADER 
In Quality Production and Treatment 


yo preservation presents a striking example of 
the contribution which research into technical 
processes has made to the reduction in railway operating 
costs. Including cross ties and other timber, treatment is 
today effecting savings in expenditures for renewals and 
replacements exceeding $145,000 daily. This tremen- 
dous economy has been made possible by the perfection 
of processes for the preservation of timber to increase its 
normal service life. 


International, in the development of these pro- 
cesses, has been in the forefront for more than half a cen- 
tury—pioneering both in the perfection of processes and 
plant procedure and even more in the scientific handling 
of the timber both before and after treatment. 


Indicative of early achievements which have long 
characterized International performance is the re- 
markable record shown by the Santa Fe bridge across 
Galveston Bay. Confronted with attacks of teredo, 
which destroyed piling in a comparatively few months, 
International pioneered in the introduction of heavy 
creosote treatment, injecting 20 to 24 Ib. 
of dead oil per cubic foot into piling — 
with the result that it lasted for 28 years 
and at the end of this period was in such 
excellent condition that when the,bridge 
was supplanted by a super-causeway, a 
large portion of the piling was with- 
drawn and re-driven in other structures. 








International again pioneered in the develop- 
ment of the Creosoted Yellow PinePole until it has become 
recognized as the strongest and most economical of the 
polewoods. Hundreds of thousands of International 
poles in service today present proof of their long life, 
low annual cost, trouble-free operation and minimum 
maintenance. International poles installed more than 
30 years ago are still sound. They are to be found 
from coast to coast. 


In still another direction, International has 
pioneered in the production of cross ties on a basis of 
quality that has set the standard forthe industry. Some of 
its distinguishing practices are:— Every tie must conform to 
the A.R.E.A. specifications. Every tie is inspected for its 
entire length. The size is determined with a rule, each end 
plainly marked for the size it is, and permanently branded 
with an identifying date and monogram. Every tie is re- 
moved immediately from the decay producing conditions 
of the woods. 


The seasoning yard is tile drained and kept absolutely 
free of all vegetation. A\ll technical 
observations are made by graduate chem- 
ical engineers. Indicating gauges insure 
accuracy in the control of temperatures, 
steam pressures, vacuum and the injection 
of preservative. After treatment, incre- 
ment borings are taken from each charge 
to check the depth of penetration. 





CREOSOTING & CONSTRUCTION CO. 
PRODUCERS OF HIGH GRADE TREATED TIES, POLES, 


Galveston — Beaumont — Texarkana 


PILES, ETC. 
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The “Century of Progress’ which is being celebrated 
with a great world’s fair in Chicago would have been 
impossible without a century of progress in railroad 
transportation. There is hardly any form of progress 
illustrated by that fair which could have occurred with- 
out the coincidental development of the railroads. 
Almost throughout the last one hundred years railroad 
development largely determined the nation’s economic 
development. The railroads of this continent were the 
first to adopt the methods of mass production, and 
their introduction of these methods has made it pos- 
sible for our other industries to lead the world in mass 
production. Much of the technical development in other 
industries has been based upon previous successful 
efforts to improve the structures and equipment of the 
railroads. Without the spreading of the railroad net 
it would have been impossible to have welded the 
United States into a single political avd commercial 
unit. Without it the creation of a homogeneous social 
life over such a vast area would have been impossible. 
The economic, political, mental and social standardiza- 
tion of the nation, whatever its merits or demerits, has 
been principally caused by the free exchange of goods, 
the speed of communication and the ease of travel 
which the railroad alone long made possible. 


Transportation in a Condition of Flux 


While we are celebrating a century’s progress to 
which the railroad contributed more than any other 
agency, we are entering another century the develop- 
ments in which are as uncertain as in 1833 were those 
that would occur during the century now ended. Every 
circumstance of our lives seems to be in a state of 
flux which appears to be the forerunner of as great 
changes in our economic, political and social life as 
those which were beginning one hundred years ago. 
We are emerging from a depression as a result of 
which the federal government, with the acquiescence, 
if not with the approval, of all classes of the people, 
is beginning tc exercise an amount of supervision over 
every branch of production, commerce and finance 
which would have been absolutely inconceivable a cen- 


| The Future of the Railways 


tury ago to our people, who then wanted nothing so 
much from their government as the freedom to lead 
their lives and achieve their fortunes in whatever way 
they saw fit. 

Probably no other industry is now in more of a con- 
dition of flux than the transportation industry, the 
development of which was just commencing at the be- 
ginning of the century of progress now being cele- 
brated. The railroad industry, which did more to make 
the last century of progress possible than any other, 
is being subjected to more government control of its 
earnings and operating expenses than any other, and 
is just beginning to be subjected by government to a 
new form of co-ordination for the purpose of reducing 
the competition within itself which, during almost one- 
half of the last one hundred years, it was an important 
purpose of government policy to maintain and in- 
tensify. While the government is exercising such vari- 
ous forms of control over the railways for the purpose, 
among others, of reducing competition between them, 
it is continuing to subsidize other carriers without 
regulating them, with the result of enabling them to 
increase the effectiveness of their competition with the 
railroads. 

It is natural that, under such conditions, many per- 
sons should be raising a question as to whether the 
railways have any future, and if so, as to what it is 
going to be. 


Railroad Research and Development Work 


The American Society of Mechanical Engineers de- 
cided to devote one of the meetings of its railroad sec- 
tion this year to railroad research, being influenced to 
do so largely by the fact that recently there has been 
criticism of the railroads for lack of progressiveness, 
and that this lack of progressiveness has been attributed 
to a lack of research on their behalf. The popular con- 
ception of research is something that is done by scien- 
tists in a laboratory. The purpose of every kind of 
research done for an industry, however, is to promote 
some kind of development in the industry. It may be 
research, whether done in a laboratory, or by observing 
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the performance of a loaded train on a track, and as 
a practical matter it is often difficult to say where re- 
search ends and development begins. 

The papers presented during the railroad research 
session of the American Society of Mechanical En- 
gineers this week, and which are published in part or 
in full elsewhere in this issue of the Railway Age, tell 
a very impressive story of the vast amount of research 
and development work that has been done for the rail- 
roads by the railroads themselves, by the manufactur- 
ing industry and by leading universities. These papers 
are supplemented in this issue by articles prepared by 
members of the Railway Age’s editorial staff regarding 
some kinds of research and development work done 
for the railroads that were referred to only in a general 
way at the meeting of the American Society of Me- 
chanical Engineers. 

The papers and articles, together with information 
given by manufacturers in the advertising pages of this 
issue, constitute a comprehensive and impressive refuta- 
tion of the propaganda that has been spread abroad to 
the effect that a lack of progressiveness has been shown 
in doing the work necessary to enable the railways to 
meet modern transportation demands. They show that 
railway safety, efficiency and economy have been con- 
stantly increased; and that every major improvement 
in methods of operation has been made possible by, 
and has been based upon, some of the major physical 
improvements, or the accumulated effect of numerous 
minor physical improvements, which have resulted 
from the research and development work that is out- 
lined in this issue. 


Will Railroad Progress Be Continued? 


The record already made by the railroads in increas- 
ing safety, efficiency and economy will bear searching 
scrutiny. Will equal progress in railroading be made 
in future? If so, how will it be made? It can be 
answered confidently that the record of progress will 
be maintained if opportunity is afforded. The reason 
why this answer may be confidently made is that, as 
the contents of this issue of the Railway Age shows, 
railway officers are still looking in every direction for 
means of improving railway physical properties and 
methods, and that never was there a time when manu- 
facturers were prepared to furnish them so many im- 
provements in equipment and materials that already 
have been developed or that are in process of develop- 
ment. 

It is undoubtedly true that within recent years rail- 
way plants, methods and service have not been adjusted 
rapidly enough to changes in conditions, and especially 
to changes caused by the development of competing 
means of transportation, but a very important fact 
which critics of the railways overlook is that these 
changes have been so rapid and unprecedented that it 
would have required more than human foresight to 
have anticipated them and adjusted railway plants and 
methods to them as they were occurring. The present 
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period of rapid changes affecting the railways has now 
lasted long enough to make it possible to appraise both 
the causes and the effects of many of the changes. The 
great increase in competition with the railways has been 
largely due to the favoritism shown by the federal and 
state governments for competing carriers. This favor- 
itism already is being reduced, and there seems to be 
reason to hope that it will be further reduced, by new 
state and federal legislation. Much of the effective- 
ness of the new competition, however, as is being recog- 
nized by railway officers and railway equipment and 
supply manufacturers, is due to characteristics of high- 
way transportation which render it necessary to meet 
it with new kinds of railway facilities and methods, 
and new kinds of facilities are being made available to 
the railways, and undoubtedly will be acquired and 
placed in service by them as rapidly as railroad earn- 
ings and credit make it practicable. 


The Problem of Financing Progress 


Will railway earnings and credit become sufficient to 
finance the needed improvements? This question was 
being asked a decade ago, and since then about six 
billion dollars of new capital have been invested in the 
railways. The improvement in general business and 
the increase of traffic that are now occurring will, if 
they continue, as seems probable, rapidly solve the 
financial problem of the railroads, if public sentiment 
and government will allow them to make their wages 
low enough and their rates high enough to reestablish 
and maintain a reasonable margin between earnings 
and operating expenses. The only other solution of 
the railroad problem, if it can be called a solution, is 
government ownership, and the public and public men 
seem much more disposed to favor solution of it by 
making it possible for private management to function 
successfully than to assume the risks of government 
ownership. 

With general business improving, railroad freight 
business and earnings increasing, railway managements 
and equipment and supply manufacturers alive to what 
must be done to adjust railway facilities, costs and serv- 
ice to new conditions, and public sentiment favorable 
to the railways, there seems good reason for believing 
that we are entering a new era of development and 
progress in railroad transportation. 





The Cover on This Issue 


Otto Kuhler, who designed the cover of this issue, 
is recognized as one of America’s foremost industrial 
artists. An engineer by training, an artist by instinct, 
he has been able to dramatize industry with a sympa- 
thetic understanding. His special interest in railroads 
has provided the inspiration for a number of fine etch- 
ings and lithographs, some of which have appeared in 
Railway Age. From such a background has come the 
idea, portrayed on the cover of this issue, of what 
research and development have contributed to railway 
progress. 
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Researches by Many Agencies Aid 


in Railway Development 


American Society of Mechanical Engineers reviews the projects of 
_ the railways, manufacturers and universities on which 
4O years of technical progress have been built 


HE contribution of research to railway progress was 
¥ the theme of the program at the Railroad Division 

sessions of the spring meeting of the American 
Society of Mechanical Engineers held at Chicago during 
Engineering Week at the Century of Progress Exposi- 
tion, June 25 to July 1. The Railroad Division sessions 
were held Monday, June 26. L. A. Downs, president, 
Illinois Central, presided during the morning session 
which was opened with an address by R. H. Aishton, 
chairman, American Railway Association. The pro- 
gram was prepared under the direction of L. K. Sillcox, 
vice-president, New York Air Brake Company, chair- 
man of the executive committee of the Society’s Rail- 
road Division, and W. H. Winterrowd, vice-president, 
Lima Locomotive Works, Inc., chairman of the Meetings 
and Papers Sub-committee. 

In opening the meeting Mr. Downs referred to the 
criticisms of the railways for lack of research which 
appear in the public press from time to time, particularly 
those coming from the automotive industry. “Well in- 
formed criticism,” he said, “is a good thing, and the 
men who manage railroads are deserving of just as much 
of it as the men who are engaged in other kinds of busi- 
ness. This criticism, however, is not well informed. 

“Many of these improvements, especially those made 
in railway locomotives, are things that the general pub- 
lic never comes to appreciate. There is a logical ex- 
planation of that. It is necessary for a large part of 
our population to know something about the mechanics 
of an automobile, but it is necessary for only a small 
part of our population to know anything about the 
mechanics of a locomotive. The same is true of their 
respective markets. There are millions of automobile 
buyers ; there is only a handful of locomotive buyers. 

“Tt has been only a few years since it was necessary to 
change locomotives on passenger trains every 100 or 
150 miles. We formerly used four engines to haul every 
one of our passenger trains between Chicago and Mem- 
phis, Tenn., a distance of a little more than 500 miles. 
Now we use only one and have less trouble with one 
than we used to have with four. 

“There is every bit as much difference between a 
modern locomotive and the kind that was built 15 years 
ago as there is between the motor of a 1933 model auto- 
mobile and the motor of a 1918 model. 

“The same is true of the comparison between the body 
of the automobile and the cars in which railroad pas- 
sengers ride. Both are more comfortable. Both are 
safer. Both are cleaner. Both are more convenient. 
Both are improved in appearance. One of the greatest 
improvements of modern times is now being applied 
to railroad passenger service. That is air-conditioning. 
The automobile has nothing to compare with it.” 

Following Mr. Aishton’s address, papers were pre- 
sented by Col. C. D. Young, vice-president, Pennsylvania 
Railroad, on research conducted by the railroads; by 


Samuel O. Dunn, chairman of the board, Simmons- 
Boardman Publishing Company, and editor, Railway 
Age, on research conducted by industries; by Professor 
G. A. Young of Purdue University and by Professors 
E. C. Schmidt and Everett G. Young of the University 
of Illinois, reviewing the extensive research projects 
which have been conducted at these institutions on rail- 
way technological problems. 

During the afternoon session Roy V. Wright, manag- 
ing editor, Railway Age, presided. This session was 
devoted to short discussions of the contributions of re- 
search to specific motive-power and rolling-stock develop- 
ments. Abstracts of these papers and discussions appear 
in succeeding articles. 


Address by R. H. Aishton™ 


Since your society was organized fifty years ago, the 
transportation demands of the country had multiplied by 
1929 until they were ten times as great as in 1879. Dur- 
ing that fifty-year period the population increased 150 
per cent but, and this is important, the average rail trans- 
portation demand per individual increased four-fold. In 
other words, every man, woman and child in the United 
States needed four times as much rail transportation 
under the conditions of 1929 as they did fifty years 
previously, so that the measure of increase in population 
does not by any means indicate the measure of increase 
in transportation. 

You are familiar with the expansion of facilities dur- 
ing that half century, applying not only to length of 
line, which increased from 93,700 to 249,000 miles, but 
to the total number of equipment units and the effective 
performance capacity of each unit. In this development 
the members of your profession, through the mechanical 
improvements which they have been able to develop, 
have played a prominent part, and it is on you gentle- 
men, your scientific ability, that the railroads must con- 
tinue to depend for that part of their future develop- 
ment. It is this co-ordinated effort and co-operative 
spirit that has produced so many refinements in rail 
service in the last decade. 

A recently compiled summary shows that the railroads 
in the last fifteen years have attacked collectively more 
than three thousand problems dealing with operating 
and mechanical practices and construction standards. Of 
equal importance to this co-operative work is the re- 
search work being conducted either by the individual 
railroads through their own laboratories and organiza- 
tions or by manufacturers constantly working to develop 
better means and methods. 

In view of all these activities and, furthermore, the 
results attained therefrom, it cannot in fairness and 
truth be said that the railroads have been remiss either 


* Chairman, American Railway Association. 
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in research and investigation or in their lack of applica- 
tion of the results of this research to their operating 
conditions. 

Ofttimes the eye serves as a better medium for im- 
pressing information on the mind than does the spoken 
word, so if there is any doubt in the mind of anyone 
as to just what has been accomplished by the railroads 
in this direction, may I suggest that a few hours be spent 
in the transportation exhibit at the Century of Progress 
exhibition now under way in this great city. That ex- 
hibit will indicate the marvelous strides that have been 
made by the railways of this country in the progressive 
and scientific development of the transportation machine. 
They may well point with pride to their accomplishments. 

You have heard a great deal about the elimination of 
waste as applied to the railroads. I doubt if there is a 
single activity in connection with the railroads where 
there has not been the most effective action in elimina- 
tion of waste, and all of it has been put under the 
microscope of investigating and responsible eyes with a 
view to its elimination. 

It is hard to pick out individual items, but taking the 
unit costs of railway operation as a basis, if the business 
of 1929 had been handled on the operating unit costs of 
1920 the railway operating expenses in 1929 would have 
been greater than they were by $1,212,000,000. Some- 
body will say that is comparing with government opera- 
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tion. All right, let us take 1923 and apply the same 
figures. If 1929 had been operated on the same unit 
cost as 1923, operating expenses would have been greater 
than they were by $521,003,000. 

I don’t want to create the idea that there isn’t an 
opportunity for cutting of costs. There is, and there 
always will be. But when anybody tells you that the 
railroads and their kindred industries are antiquated and 
out of date and have not taken advantage of their oppor- 
tunities, you can go to this record and tell them and you 
can challenge any other industry to show the same 
amount of progress. The facts, as shown by the record, 
are quite the reverse. The railways are required by law 
to produce adequate, safe and efficient service. They 
are producing such services to the best of their ability 
and will continue to do so as long as they are in ex- 
istence. Never before in their history have they applied 
themselves more scientifically to that task. 

For several years the railway industry has with dif- 
ficulty kept its head above the rising tide of economic 
and financial problems. I assert without hesitation that 
more efficient and economical operation, the result of 
research and mechanical improvement, is all that has 
saved the railways from extinction during this period. 
In the future, I look for further improvements in me- 
chanical methods, and believe that these will be a large 
factor in bringing the carriers back to a normal basis. 


Research in Many Industries Underlies 
Railway Development 


Extensive work by the manufacturers has proved an 
important factor in greatly increased economy 
and safety of railway operation 


By Samuel O. Dunn 


Editor, Railway Age, and Chairman, Simmons-Boardman Publishing Company 


HE criticism that there is less research and develop- 
7 ment work done for the railroads than for manufac- 

turers is in a measure an indictment of a large part 
of the manufacturing industry itself, because the rail- 
roads, being a transportation industry, always have 
bought most of their equipment and materials from 
manufacturers. Many of the companies which manu- 
facture for the railroads also manufacture for other 
industries. Does it seem probable that a great electrical 
or steel company, which manufactures for both the auto- 
mobile and the railroad industries, would show great 
initiative and resourcefulness in contributing to the 
progress of the one, and a conspicuous lack of the same 
qualities in contributing to the progress of the other? 
It may be replied that the trouble is that the engineers 
and managers of railways are themselves less fertile in 
developing new machinery and materials than those of 
other industries, and less hospitable to those offered by 
manufacturers. But the real test of the value of re- 
search and development work is the results to which 
they lead. Let us, therefore, review briefly some of the 
actual results gained by research and development work 
for the railways, before surveying the contribution that 
has been made to that work by manufacturers. 


Railroad operation is necessarily hazardous, and one 
measure of progress in it is the results gained by efforts 
to increase safety. The number of employees killed in 
1913 was one for each 498 employees. Ten years later, 
in 1923, the number killed was one for each 894 em- 
ployees, and, in 1931, it was one for each 1,907 employees. 
In 1931, railroad equipment, measured by fatal accidents, 
was less than one-half as hazardous as in 1923 and only 
one-fourth as hazardous as in 1913. 

The number of passengers killed in 1913 was one 
for each 3,000,000 carried. In 1923, it was one for 
each 7,216,000 carried. In 1931, it was one for each 
13,100,000 carried. In other words, travel by rail in 
1931 was only about one-half as hazardous as in 1923 
and less than one-fourth as hazardous as in 1913. Prob- 
ably never in history did any other industry make a 
record in increasing the safety of its operations equal 
to that made by the railways of the United States within 
the last twenty years. Such records cannot be made 
without real research work of the most thorough kind, 
and the use of the information gained as a guide in 
effecting extensive improvements. 

The investment in the railroads (all roads) increased 
from $8,938,000,000 in the year ended on June 30, 1893, 
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a year of prosperity, to $24,885,000,000 (Class I roads) 
in 1929, or 178 per cent. The number of their employees 
increased from 874,000 to 1,661,000, or 90 per cent. 
The increased investment was made both to increase 
capacity and effect economies in operation, and because 
the investment in plant increased relatively so much more 
than the number of employees, each employee in 1929 
had machinery to help him produce transportation that 
had cost almost 50 per cent more than the machinery 
that each employee had to help him produce transporta- 
tion in 1893. Traffic units* increased from 136,000,000,- 
000 to 541,000,000,000, or 300 per cent, and the number 
of units handled per dollar of investment increased from 
15.25 in 1893 to 21.75 in 1929, or 42% per cent; while 
the number of units of traffic handled per employee, with 
the aid of more and better machinery, increased from 
155,993 to 325,462, or 108 per cent. If the railroads 
had been operated with the same kind of plants and 
methods in 1929 as in 1893, they would have required 
3,146,800 employees to have handled in 1929 the traffic 
which actually was handled with 1,661,000 employees 
and their payroll—based on the average wage paid in 
1929—would have been more than $6,000,000,000, in- 
stead of being actually less than $3,000,000,000. The 
increase in the efficiency of plant and methods not only 
greatly increased average output per dollar of investment 
and per employee, but made it possible largely to reduce 
working hours per employee while increasing output 
per employee. 

The saving made in 1929 alone in the fuel bill, due 
to the increase in the efficiency of its use that had been 
effected since 1920, was $91,300,000, and the saving 
made in the fuel bill in the twelve years ending with 
1932, due to the increase in the efficiency of its use, 
amounted to almost $630,000,000. 

The improvements in railway service and the economies 
in operation that have been effected year after year have 
been due to the co-operative efforts of the managements 
of the railways and of the companies manufacturing 
equipment and supplies for them, and the contribution 
to the art of railroad transportation made by manu- 
facturers in North America unquestionably has been 
larger‘than in any other part of the world. The reason 
for this is that in no other part of the world have the 
railroads done so little manufacturing for themselves, 
because almost throughout the first century of railroad 
development practically all the capital the railroad com- 
panies of North America could raise was required for the 
expansion and improvement of their lines to enable them 
to keep abreast of a growth of traffic unparalleled else- 
where, which afforded an unequalled opportunity for the 
development of an industry devoted to manufacturing 
for railways. 

No better evidence that research and development 
work for the railroads has continued unabated to the 
present could be afforded than the fact that there has 
been so much improvement made in the steam loco- 
motive within the last decade that if all the locomotives 
now in existence in this country were as good as the 
best, there could be effected, when traffic increases to 
normal, savings in annual operating expenses far greater 
than ever have been effected within any past decade. 

Because steam locomotives have been operated for 
over a hundred years on the same general principle of 
steam generated, in a boiler, expanded in a reciprocating 
engine and exhausted through a smoke stack to produce 
draft, some voice the criticism that the steam locomotive 
has failed to keep pace with the times and that its days 
are numbered. 

What are the facts? 


*In computing traffic units, one passenger-mile is assumed to be 
equivalent to three ton-miles. 


For purposes of comparison, 
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consider the typical 4-6-0 passenger locomotive or 2-8-0 
freight locomotive exhibited at the Chicago World's 
Fair in 1893. With 19-in. cylinders, 165 to 180-lb. 
boiler pressure and using saturated steam, these loco- 
motives of forty years ago developed less than 350 hp. 
per driving axle. This power output per driving axle 
was increased to 475 hp. in 1913; to 575 hp. in 1923; 
and to over 1,100 hp. in 1933. Similarly, the unit fuel 
consumption, expressed in lb. of coal per drawbar horse- 
power, was reduced to 6% lb. in 1913; to 5 lb. in 1923; 
and to less than 3 Ib. in 1933. 


Contribution of Manufacturers 
to Development of Motive-Power 


Hardly more than a cursory mention can be made of 
those features which have contributed so strikingly to 
the development of the modern locomotive. Improve- 
ments in boiler design have included the provision of 
larger proportionate grate areas and firebox volumes, 
water-circulating devices, and special alloy steels and 
irons which contribute to increased strength or corrosion 
resistance. Developed primarily by the initiative of the 
manufacturers, these materials have made it possible to 
attain pressures up to 300 lb. in the conventional fire- 
tube boiler construction, and a service life of side sheets 
and flues, for example, two or three times more than 
usual. Special grate designs and firebrick arches, also 
developed by the manufacturers and used in conjunction 
with modern front-end arrangements, have increased 
greatly the efficiency of combustion and over-all operat- 
ing efficiency. 

Somewhat over two decades ago the idea of the super- 
heater was brought to this country from Europe and 
adapted by the railroads and the manufacturers to Ameri- 
can needs, effecting a saving generally conceded to be 
about 22 per cent in unit fuel consumption. After a 
period of effective service, the superheater was further 
improved by the development of a new design which 
provided substantially less resistance to the free flow of 
steam through the units. Similarly, the development of 
the feedwater heater effected savings, conservatively 
estimated at 12 per cent in fuel and water, and provided 
proportionate increases in boiler capacity, drawbar pull 
at speeds, also reducing the number of stops for water 
and coal. These same objectives are achieved in a some- 
what less degree, but at a lower cost of installation and 
maintenance, by the use of exhaust steam injectors. 
Thermic syphons, which provide an important safety 
feature in boiler operation, were developed primarily to 
improve the circulation of water in locomotive boilers 
and effect a fuel saving. 

One of the principal improvements in the locomotive 
itself has been the provision of the locomotive bed frame, 
cast in a single piece, which takes the place of what were 
formerly 250 separate parts. Special sheets and irons 
and improved designs have been developed for pistons, 
rods, wheels, axles, trucks, valve gear and other impor- 
tant details. The locomotive booster and the auxiliary 
locomotive were developed to give increased tractive 
force at starting and on heavy grades. The mechanical 
stoker, power reverse gear, mechanical lubricator, cut-off 
or back pressure control, efficient air compressor, boiler 
operating safeguards and many other devices, developed 
largely through the initiative and research of the manu- 
facturers, all contribute to satisfactory locomotive per- 
formance. 


Electric and Internal-Combustion Equipment 


Advances in electric locomotive design, equivalent to 
those effected in steam power, have been made possible in 
recent years largely through the engineering research 
and experiment work carried on by the great electric 
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companies. These companies have also collaborated with 
the manufacturers of internal-combustion engines of the 
Diesel, distillate and gasoline types in developing power 
units which have, in many instances, demonstrated not- 
able economies, particularly in switching service, where 
the high percentage of availability, low fuel consumption 
and low labor cost of operation, as well as reduced 
maintenance expense and freedom from standby losses, 
have effected savings estimated at $10,000, or more, per 
year per locomotive, depending upon the power developed. 
Operating costs in the meantime have frequently been 
cut about 50 per cent on an hourly basis, as compared 
with those of equivalent steam power. 

Internal-combustion-driven rail cars, which are now 
largely of the electric transmission type, also have been 
developed and adapted to railroad needs through the 
co-operation of the manufacturers, who have produced 
highly efficient and reliable units. A midwestern rail- 
road, which is a large user of this type of equipment, 
has shown, on the average, over a period of four years, 
93.3 per cent availability ; total operating costs, including 
interest and depreciation, 36 cents a mile; total saving 
over equivalent steam-train operation, 21 cents a mile; 
and total return on the investment, 123 per cent in four 
years. 


Developments in Car Equipment 


Important improvements in car equipment, both pas- 
senger and freight, have been made by the railroads 
in co-operation with the car builders, and with manu- 
facturers of many materials and specialties far too 
numerous to mention in detail. The first passenger cars 
were lighted with candles and heated with wood-burning 
stoves, if at all, whereas the modern car is provided 
with an efficient steam-vapor heating system, in many 
cases having thermostatic temperature control, combined 
with means for cooling and conditioning the air in ac- 
cordance with maximum comfort requirements. Modern 
electric lights and all the conveniences of an up-to-date 
club are provided. The first Pullman sleeping car was 
built in 1859, subsequent improvements including six- 
wheel trucks in 1876, the car vestibule in 1887, axle 
generators and storage batteries for electric light in 1899, 
and all-steel construction in 1907, the latter being a factor 
of far-reaching importance in promoting increased car 
safety, capacity and durability. Aluminum-alloy and 
light-weight alloy steel construction for cars are de- 
velopments of the last two or three years. 

As a result of research by the manufacturers in the 
development of these light-weight materials and also 
improved welding and fabricating methods, car con- 
struction appears to be entering a new era in which large 
weight savings over equivalent cars, as formerly built, 
will assist the railroads in meeting the modern demands 
for high speeds in both passenger and freight service and 
also contribute to operating and maintenance economies 
of substantial magnitude. 

One of the parts of car equipment which has con- 
tributed greatly to safe and satisfactory operation and 
which has been particularly essential, because of modern 
high speeds, is the braking equipment. From the first, 
the air-brake manufacturers have devoted extensive test 
laboratories and engineering development facilities to the 
improvement of this vital part of railroad equipment. 
The most recent contribution of the brake manufacturers 
is the new freight-train brake which promises to afford 
important improvements over the present standard air 
brake in the application and release functions, and also 
to effect economies in maintenance. The large expendi- 
tures of the brake manufacturers in an effort to develop 
this and other improved brake equipment have supple- 
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mented an expenditure of over $2,250,000 made by the 
Amerigan”Railway Association in recent power brake 
testes” 

Tn connection with high speeds, it is interesting to note 
the efforts now being made to adapt streamlining to both 
locomotive and car construction in an attempt to reduce 
wind resistance and conserve power, or make this power 
available for higher operating speeds. The manu- 
facturers have conducted wind tunnel tests, using small- 
scale models of equipment as now built and as proposed. 
Scientific effort of the highest order has been combined 
with practical ingenuity in developing and testing modi- 
fications of these streamlined car and locomotive models. 
Many changes in design have been suggested as a result 
of the tests and, in certain combinations, they are ex- 
pected to decrease the air resistance 35 to 40 per cent, 
at high speeds. a 

Another virgin field in which manufacturers are co- 
operating with the railroads is in the adaptation of rub- 
ber for car cushioning and noise prevention. This ma- 
terial is now being used at various points in the trucks, 
buffing devices and car structure; also in the wheels, 
sometimes in the form of rubber tires on special equip- 
ment, or in the wheel center plates to give resiliency and 
dampen noise and vibration. As most commonly used, 
the rubber is in compression, although the wheel center 
design mentioned uses it in shear, and a recent draft- 
gear design for light-weight equipment utilizes a serrated 
type of rubber construction which gives rapidly increas- 
ing resistance as the coupler is forced in or out. 

The rubber manufacturers have a real opportunity 
to adapt their products to car conditions and, on the 
other hand, the railroads can no doubt modify certain 
features of car design so as to capitalize on the peculiar 
physical characteristics of rubber, and thus bring about 
a major improvement in the comfort and attractiveness 
of railway travel. 

Roller bearings are no longer an experiment in rail- 
way service, having been used successfully in all depart- 
ments and on practically all kinds of bearing applications. 
They have been tested to a limited extent on freight 
equipment and much more extensively on passenger cars, 
power rail cars, engine trucks, trailer trucks and tender 
trucks. Six steam locomotives on four roads have even 
the large main driving wheel journals equipped with 
roller bearings, which contribute in a striking manner to 
great reliability, reduced maintenance, economy in lubri- 
cation, easier starting and hauling, and increased me- 
chanical efficiency. In general, these results are secured 
with roller-bearing equipment of all kinds. In addition, 
the conditions under which engine, trailer and tender- 
truck journals, for example, operate are often so severe 
as to make roller bearings practically the only type ot 
bearing which will stand the abuse. In certain cases, 
the saving in truck lubrication, inspection and journal 
packing expense alone is said to go far towards paying 
interest charges on the investment in roller bearings. The 
average layman has little real appreciation of the ex- 
haustive research in steel making, heat treatment, de- 
sign and fabrication, the results of which the roller- 
bearing manufacturers have embodied in their respective 
products. 

The lubrication of railway equipment has become a 
matter of extensive research, especially in recent years. 
The oil companies have experimented individually and 
conducted tests in conjunction with the railroads, to 
determine satisfactory grades of oil for various purposes, 
including a car oil which will meet all-year service re- 
quirements. Car-journal testing machines have been 
installed in laboratories where temperature conditions 
could be controlled and relative journal friction measured 
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under varying conditions and with different kinds of oils. 
Journal packing reclamation has also been the subject 
of the most careful investigation and test, in an effort 
to develop methods of treatment which would give more 
satisfactory packing and thus help to decrease the cost 
and increase the reliability of car-journal lubrication. 
Locomotive lubrication presents a vast field for research 
and engineering development in which the manufacturers 
of mechanical lubricators and various lubricating devices 
have made a substantial contribution. 


Manufacturers’ Associations Also Play Important Part 


Railway car manufacturers, both individually and 
through their association known as the American Rail- 
way Car Institute, have contributed far more to car de- 
velopment in this country than is ordinarily appreciated. 
One of the most noteworthy accomplishments of this 
group has been the co-operation which it has accorded 
the American Railway Association, Mechanical Division, 
in the development of the standard car designs, adopted 
in the interests of economy, lower first cost of construc- 
tion, and reduced maintenance expense. In the case of 
the steel-sheathed wood-lined box car, adopted as 
standard in 1932, the fundamental features of the design 
were laid down by the Committee on Car Construction 
of the Mechanical Division and the details developed by 
a committee of engineers representing the American 
Railway Car Institute. In this car, a weight saving of 
3,000 to 4,000 Ib. was effected without sacrifice of 
strength or carrying capacity. Indeed, certain weakness- 
es of previous designs were corrected. Individual car 
builders have promoted progress by developing all- 
welded hopper cars, welded cars with cast-steel under- 
frames, improved refrigerator cars (including some 
mechanically cooled), small capacity refrigerators, tank 
cars and special equipment of all types. 

In the important field of car trucks and parts, indi- 
vidual manufacturers have done most of the research and 
experimental work to date. For example, the cast-steel 
side frame was developed by the use of dynamic testing 
machines 
With integral journal boxes, this type of frame has 
effected a striking increase in safety, combined with an 
equally important reduction in truck maintenance ex- 
pense. The one-piece cast-steel truck frame, where used, 
produces the same results, and is a product of notable 
research in steel making and foundry practice. A group 
of truck manufacturers, combined to form the Four- 
Wheel Truck Manufacturers’ Association, is now de- 
veloping a freight car truck design and special coil- 
elliptic spring suspension, which are intended to be 
generally acceptable, protect lading and equipment, pre- 
vent spring synchronism and permit higher speeds with- 
out sacrifice of safety. Other individual manufacturers 
have developed special truck designs and several spring 
snubbing devices designed to improve the riding qualities 
of car trucks. 

In no detail of railway equipment has greater improve- 
ment been effected than in wheels, which have been the 
subject of co-operative research by the railroads and the 
manufacturers for many years. The Association of 
Manufacturers of Chilled Car Wheels maintains a cen- 
tral laboratory where continuous research in connection 
with this type of wheel has resulted in the present high 
standards of reliability, durability and generally efficient 
service. Similar improvements in wrought-steel wheels 
have been effected by a technical committee of the As- 
sociation of American Steel Manufacturers which co- 
operates with the Wheel Committee of the American 
Railway Association, Mechanical Division, in connection 
with designs and specifications for this type of wheel. 
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in the laboratories of two manufacturers. — 





The laboratories of the individual steel wheel manufac- 
turers are utilized in this research work. Exhaustive re- 
search and experiment have also been carried on by the 
manufacturers of cast-steel wheels in developing this 
type of wheel to its present high state of reliability and 
effectiveness. 

The free interchange of freight cars and the expedi- 
tious handling of freight are absolutely dependent upon 
automatic couplers, the development of which has ex- 
tended over a period of many years of co-operative 
action by the American Railway Association, Mechanical 
Division, and the Technical Committee of the Coupler 
Manufacturers. As a result of recent investigations of 
this committee, several proposals for revised contour and 
design have been advanced which promise to increase 
coupler strength approximately 5 per cent; contour 
wear limit, 40 per cent; and coupler gathering range, 
15 per cent. The new design also provides a higher 
factor of safety. 

Draft-gear manufacturers, through their individual 
engineering staffs and laboratory test facilities, have con- 
tributed greatly to the improvement of draft gears, de- 
veloping materials and designs which will stand up under 
the friction loads and dissipate the large amounts of 
energy involved. The manufacturers are co-operating 
with the railroads in furnishing draft gears which meet 
the purchase specifications for approved draft gears for 
freight service, these specifications having been adopted 
as a result of extensive draft-gear tests conducted by 
the A. R. A., Mechazical Division, in its own laboratory 
at Purdue University, Lafayette, Ind. 

Car roof and end designs, insulation media, hand 
brakes, door-operating mechanisms and other parts have 
been developed by the manufacturers, being perhaps 
more accurately classified in many instances as inventions 
rather than as resulting from research. 


Shop and Enginehouse Developments 


Endless research on the part of manufacturers of 
machinery and equipment used in railway shops and 
enginehouses has resulted in improvements from which 
the railways have benefited greatly. Back shops, repair 
operations and terminal conditioning work have been 
revolutionized within recent years. The introduction of 
heavy-duty machines and high-speed tool steel has ef- 
fected notable economies in machining operations. The 
manufacturers who have promoted the development of 
gas welding and widened the scope of electric welding 
have performed a service in improving construction and 
repair operations and cutting costs of great value. The 
installation of spray-painting equipment and commercial 
lacquers, also direct products of research, has effected 
large savings in maintenance operation. 

Locomotive boiler repairs have been greatly reduced 
by scientific research in water treatment. The cost of 
boiler inspection and maintenance is also greatly reduced 
by an inspection device which a manufacturer has de- 
veloped for use in detecting broken flexible staybolts 
quickly and surely by means of an electrical contact 
which gives a positive indicatioui of the condition of the 
tell-tale holes. This device is also an important safety 
feature and its use at regular monthly inspection periods 
is accepted practice under the Interstate Commerce Com- 
mission rules for the inspection of locomotive boilers. 
Still another comparatively new inspection process of 
great promise, developed by the manufacturers, is the 
X-ray examination of castings and welds which provides 
a method of detecting defects and flaws without testing 
these parts to destruction. 

In addition to the usual machinery and equipment so 
essential to efficient enginehouse operation, a large 












amount of engineering development and inventive genius 
has been embodied in coal-, cinder- and sand-handling 
facilities, boiler-washing equipment and facilities for 
steaming locomotives by direct connection from station- 
ary boilers, thus eliminating locomotive fires and atten- 
dant smoke in enginehouses, conserving locomotive time 
at terminals, and saving fuel. 


Track and Structures 


But improvements in locomotives and cars were not 
enough, for without better tracks and stronger bridges, 
the heavy power could not have been used, and, without 
the successful application of the Bessemer, and later the 
open-hearth, process to the manufacture of rails and 
structural steel, the railroads would have been confronted 
with a well-nigh insurmountable obstacle in meeting this 
requirement. So also, the aid of the manufacturer in 
developing the use of manganese steel for frogs and 
crossings, in applying special high-strength steel in the 
making of bolts, angle bars and spring washers, in the 
exercise of inventive genius and designing skill in the 
development of rail anchors and in improving the de- 
sign of rail joints and tie plates, was essential in the 
effecting of improvements in track comparable with the 
increases in the demands on it. 

The railways owe much also to the manufacturers of 
portland cement for the progress made in the application 
of concrete in railway structures; and especially for 
improvement in the making of concrete that must be 
ascribed largely to research which they fostered. The 
manufacturers of iron culvert are likewise responsible 
for research in the nature of the loads carried by cul- 
verts buried in embankments and for improvements in 
drainage practices. 

Research and invention carried on by the railway 
supply companies must be credited in even greater 
measure for power equipment which has effected a revo- 
lution in the methods employed in the upkeep of tracks 
and structures. The successful application of the gaso- 
line engine to small track cars has supplemented the 
hand car in the moving \of maintenance forces. Its 
development as a prime mover for power tools and 
equipment is rapidly eliminating hand labor in such 
operations as rail laying, ballasting, driving spikes, adz- 
ing of ties, turning of nuts on bolts, and the drilling 
and sawing of rails and timber. The electric are and 
the oxyacetylene torch have been responsible for untold 
economy in the conservation of rail and in the repair 
and strengthening of bridges. 

The availability of an adequate supply of water of 
good quality has been determined by improvements in 
power units, pumps, tanks and delivery equipment, and 
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An Example of Modern Steel-Casting Art 
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also by the improvements in the chemicals and equipment 
supplied by various manufacturers for water treatment : 
and the same observation applies to the facilities for the 
storage and delivery of coal, for the disposal of cinders 
and for the various classes of equipment employed in the 
servicing of locomotives in engine terminals. 


Signaling 


Along with the improvements in locomotives, cars and 
track, equally outstanding improvements have been made 
in signaling, which are not only greatly increasing the 
safety of train operation but also reducing train delays 
and increasing track capacity. Prior to 1920, signaling 
consisted of automatic block signaling, interlocking and 
highway crossing protection, while in the past decade, 
there have been added centralized traffic control, the 
car retarder and automatic train control with cab 
signaling. 

Perhaps the most important of these is the centralized 
traffic control, by means of which a dispatcher can con- 
trol the operation of passing track switches as well as 
the signals for directing train movements, thereby elimi- 
nating written train orders. By reducing delays, the 
average running time of freight trains is reduced more 
than a minute to the mile, while track capacity is, in 
many cases, increased to the extent that the construction 
of additional track can be postponed for years. 

The invention of the car retarder has given the rail- 
roads a means of operating classification yards without 
car riders, thus facilitating yard operation and reduc- 
ing operating expenses from 18 to 40 cents per car 
classified. 

When the Interstate Commerce Commission ordered 
49 railroads to make divisional installations of automatic 
train control in 1922, only a few of the roads were 
satisfied with the equipment then available, and they, 
as a result, continued development work, the continuous 
system with cab signaling being one result. Likewise, 
of great importance to the users of our highways has 
been the development in highway crossing protection, 
including the standardization of flashing light crossing 
signal. In addition to these major developments, there 
have been many other developments in signaling, while 
the manufacturers are still busy in their research lab- 
oratories and shops, developing still other new equipment 
and improving the details of their present systems. 

Manufacturers have been, through their contribu- 
tion to the development of railroad transportation, re- 
sponsible for a large part of the economic advancement 
that has been made in North America, but they 
are as much alive to their opportunities to contribute 
toward it in the future as they have been in the past. 
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Research Conducted by Railroads 


Reviews what has been accomplished and recommends central 


control agency and special attention to 
merchandising research 


By C. D. Young 


Vice-President, Purchases, Stores and Insurance, Pennsylvania Railroad 


are coordinated to a considerable extent, though by 

no means entirely, through the American Railway 
Association. The major divisions of the Association 
embrace Operation and Transportation, Traffic, Engi- 
neering, Mechanical, Purchases and Stores, Claims, and 
Motor Transport. The credit for what has been 
achieved is largely due to the splendid cooperation of 
American universities and industrial research groups and 
certain governmental departments with the committees 
of the Association. 


|’: this country railroad experimentation and research 


Better Track Service 


The most outstanding work of the Engineering Divi- 
sion in recent years has been the improving of the metal- 
lurgy and physical characteristics of rail of heavy 
section. Practically unanimous agreement has been ob- 
tained on a standard section, and closest supervision is 
maintained by committee action over metallurgical com- 
position of the rail, and rolling mill practices. Rail per- 
formance is being continually and minutely scrutinized 
and studied by all railroads in the desire to bring about 
improvements in rail and attachments, and the quality 
of steel of which they are composed. Illustrative of 
this, there has been developed an eminently successful 
rail fissure detector car, which is now in its fifth year of 
service, during which time it has located and led to the 
removal of more than 7,000 defective rails. 

Other endeavors of the first rank have been directed to 
the solution of such problems as the battering of rail 
ends, and reducing abrasions. Continuous effort is being 


exerted in every direction and every detail, to the end of = 


producing a safer track structure at the Jeast expense. 
The preservative treatment of crossties, to prevent decay, 
has been a research activity of many years, not only by 
the railroads but by the United States Forestry Service. 
The advance which has been made in creosoting has, on 
the average, more than trebled the life of ties. Devising 
economical means of eliminating grade crossings has also 
been a major engineering problem. 


Improved Passenger Equipment 


In the field of the Mechanical Division, details are so 
voluminous that only some of the most outstanding can 
be mentioned. A very appropriate subject, at this season 
of the year, is the recent marked advance in air-condi- 
tioning of passenger cars. The art is in its infancy, and 
further improvement may be confidently expected. Es- 
sentially it manufactures and maintains artificial interior 
weather. Pre-cooling, which is especially adapted to 
sleeping-cars leaving after sunset, has advanced to the 
point where it is being successfully used at many of the 
larger terminals. 

Much research and study is being focused upon the 
passenger car of the future. The railroads are seeking 
a design that will have increased public appeal by pro- 


viding more comfort and seating convenience, better 
riding qualities, elimination of noise, and increased 
aesthetic appeal. An essential condition in designing 
new passenger equipment is that there shall not be the 
slightest sacrifice of the extremely high degree of safety 
which has been the preeminent advancement in passenger 
cars since wooden equipment was superseded by steel. 

Roller bearings have been in use on passenger cars 
long enough to warrant the prediction that they are 
destined to supersede the journal bearing type. On 
other equipment this improvement is in the development 
stage, although it is being successfully applied to the 
journals of the heaviest locomotives—one eastern road 
has an entire fleet so equipped. While their first cost is 
much higher than that of bearings of the ordinary 
type, their durability and the freedom from train deten- 
tion, due to bearing trouble, leave no doubt as to their 
value. 

A most useful developmént, which has now been 
brought to a very advanced degree of perfection, is the 
multiple-unit car for electrified passenger service. Each 
car carries its own motor, thus making possible trains of 
any length and providing rapid acceleration, making 
practicable the high speed, frequent commutation service 
which a number of cities enjoy today. 

There has recently been devised a striking innovation 
for suburban passenger service—a light weight car of 
double-deck type, providing a greatly increased seating 
capacity at about one-third the usual dead weight per 


passerigér. 





¥f addition, high-speed, light-weight trains, together 


with the possibilities of stream-lining, are receiving care- 
ful attention. The object is to develop equipment 
capable of providing service which will be fast, frequent 
and economical, thereby meeting the principal competi- 
tive advantages of the airplane, the private automobile 
and the bus. Interesting examples are trains which have 
been designed for two western railroads. They are to 
be completely stream-lined, and have a capacity of over 
100 passengers, in addition to mail, baggage and a buffet 
kitchen. They will be capable of sustained high speed 
and be propelled by internal combustion engines. 

Another interesting development is the pneumatic tired 
rail car, now in its first year of operation, constituting a 
self-propelled unit for suburban use. It reduces noise 
to the minimum and makes for greater comfort to the 
passenger. 


Locomotive Development 


The American steam locomotive has advanced so 
rapidly as to place many of the units that are now in 
daily operation in a position of obsolescence, replace- 
ment of which is awaiting the railroads’ ability to finance. 
Experiment and research have developed it into a re- 
markable unit of concentrated power and economy. 
Since 1911 the average tractive power of the steam loco- 
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motive has been increased more than 60 percent. This 
has been one of the most important factors in advancing 
efficiency of operation, particularly in the case of freight, 
by making possible the concentration of traffic into long 
trains, moving unbroken over great distances. This has 
been an important aid in enabling the railroads partially 
to meet the ever increasing wage scale of train service 
employees. 

To economize in the use of coal, superheaters, feed- 
water heaters and high steam pressures have been ex- 
tensively adopted. For greater capacity, on long runs, 
and to reduce the physical exertion of the firemen, stokers 
have been generally, and generously applied. Over a 
period of about a dozen years, these means have been 
instrumental in reducing by 30 percent the coal con- 
sumed in freight service per gross ton-mile, which re- 
sults in the annual conservation of twenty-five million 
tons of a great natural resource. The railroads are also 
saved the cost of handling this great amount of fuel, 
which is another, and by no means inconsiderable, item 
of economy. 


Trend in Steam Locomotive Design 


The trend in steam locomotive design is distinctly 
toward materially higher steam pressures and tempera- 
tures, which will consequently require material for the 
construction of bojlers and their parts having still greater 
strength than that now generally in use. Great strides 
have been made, and will continue to be made, in simpli- 
fying locomotive construction by such methods as the 
greater use of single-piece steel castings, each taking the 
place of a considerable number of small parts. Increased 
capacity of locomotive tenders has resulted in expediting 
train movements by eliminating stops for coal and water, 
and simplification of construction details has lowered the 
cost of production. 

Research has brought to light hitherto unrealized pos- 
sibilities in the use of high-strength, light-weight ma- 
terials for locomotive parts. As an example, studies and 
experiments are now under way to produce lighter re- 
ciprocating parts, which would naturally call for light 
counterbalances, with a corresponding reduction in the 
dynamic augment, so that higher locomotive speeds 
would be possible without damage to track structures. 

The important extensions of electrification carried out 
in recent years are still under way and have led to the 
design of new and extremely useful types of electric 
locomotives. One of the most valuable features of these 
new units is that they are capable of being coupled to- 
gether in any number, so that trains of any length and 
load may be hauled at almost any desired speed within 
the limits of safe operation. Another feature is that the 
parts are largely interchangeable as between freight and 
passenger locomotives, thus reducing to a minimum the 
supply of spare parts. 


Freight Train Operation 


Research in the field of air brakes has been one of the 
most important activities of the Mechanical Division of 
the American Railway Association. It has been con- 
tinuously carried on since 1870. With the growing 
practice, in the interest of efficiency and good service, 
of transporting freight as far as practicable in longer 
trains at high speeds, there has developed the necessity 
for a more effective freight train brake. Under the 
auspices of the Mechanical Division, and with invaluable 
cooperation by universities and the industry, a brake has 
been produced which not only meets but surpasses the 
specifications of the Interstate Commerce Commission. 
It answers fully all requirements, providing full control 
at all times, regardless of the length of the train or 
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diversity of its makeup. It is also completely inter- 
changeable with the freight equipment brake now used. 

The increasing use of long freight trains has also 
created operating problems which make desirable an 
adequate and satisfactory system of communication be- 
tween the head and the rear of the train. This is a 
subject of active experimentation at the present time, 


with every indication of successful solution by adapting 


the radio telephone to this highly specialized purpose. 
Its introduction will further improve train speeds and 
safety, and reduce lading damages. 

Another recent development is the use of non-har- 
monic springs on freight cars. These consist of a com- 
bination of helical and elliptical springs of different 
periods of oscillation, or of helical and friction springs. 
The effect is to dampen spring action and thereby pro- 
tect the car contents from damage. 

At one of our technical schools, the American Rail- 
way Association maintains a complete laboratory for con- 
tinuous research in draft gears, couplers and their at- 
tachments. The results of these activities are also among 
essential factors permitting successful operation of long 
heavy trains. 


Special Freight Equipment 


Other activities of the Mechanical Division cover the 
use of portable containers in freight service. They are 
transported, usually five to eight at a time, upon espe- 
cially equipped cars. They may be loaded by shippers, 
trucked to the rail terminal, and at destination delivered 
by truck to the consignee, without rehandling of their 
contents. They may also be used in station-to-station 


‘service in place of box cars, providing smaller and more 


flexible transportation units, thereby greatly reducing 
work and expense at freight transfers. Other advan- 
tages lie in simplified billing and packing, reduction of 
loss and damage, and accelerated movement of less-than- 
carload shipments. ‘There is room for much additional 
research work to perfect this method of improved trans- 
portation through cooperative action between the rail- 
ways themselves and with shippers and consignees and 
the trucking industry. 

Development of special freight equipment, for mis- 
cellaneous commodities and special kinds of merchandise, 
has important possibilities which undoubtedly will be 
carried much further in the future. Already, covered 
hopper cars, equipped with loading hatches, are coming 
into use for such commodities as cement, lime, glass 
sand, phosphates and bauxite concentrates. These cars 
obviate bagging or barrelling, and give complete pro- 
tection from the weather. Other commodities, such as 
helium gas, solid carbon dioxide, acids and other chemi- 
cals are economically transported by special rail equip- 
ment. Special cars for transporting automobiles are 
also appearing, having loading devices and cradles to 
eliminate decking and blocking, making it possible to 
carry more automobiles per car and to load and unload 
more cheaply. It will be observed that these special 
types of equipment reduce the cost of transportation to 
the shipper without impairing the revenue derived by 
the railroads. : 

Mention should also be made of the standardization of 
freight cars, of generally used types, which has been 
brought to a high plane in the aim toward simplification, 
facility of repair and sturdiness of construction. 

Corrosive deterioration of freight cars, particularly 
of the open-top type, offers an opportunity to reap large 
rewards when a solution of the problem is available. 
Research has developed, though not yet on a commercial 
basis, alloys which will make this destructive factor a 
thing of the past. It is possible that quantity produc- 
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permitting their practical use. 


In the Interests of Safety 


Eloquent testimony in safety records of recent years 
show the unremitting efforts of various Divisions of 
the Association. In 1920, seventy-four passengers were 
killed in train accidents, and the average from 1922 to 
1926 was 77 per year. The organized movement toward 
enforcing safety rules, and use of improved materials 
and construction in both road-bed and equipment, have 
reduced passenger fatalities almost to a vanishing point. 
In 1932 only one passenger on an American railroad 
lost his life in a train accident, although nearly 480,000- 
000 passengers were carried a total of 17,000,000,000 
passenger miles. 

Among important factors contributing to safety have 
been the improvements in the railroad signal systems. 
These include far-reaching extensions of the use of 
automatic block signals; adoption of the position light 
type of signals, in which the indications are given by 
rows of electric bulbs; and automatic cab signals, which 
reproduce, within the engine cab, the indications of 
wayside signals. 


Research Laboratories 


In its research work the Association, in addition to 
its own laboratory at Purdue University, utilizes labora- 
tories of various member railroads, among which is the 
laboratory of the Pennsylvania Railroad at Altoona, 
which is supplemented by locomotive and brake shoe 
testing plants; the New York Central laboratory at 
West Albany, N. Y.; and laboratories of the Santa Fe, 
Union Pacific and other important lines. These splendid 
testing plants are well adapted to physical research, but 
of course do. not generally touch the great possibilities 
of research into problems involving competitive business 
practices. The Railway Executives in the summer of 
1932 issued a public statement to the effect that they 
were utilizing, and proposed in the future to utilize even 
more effectively, their organizations for research and 
experimentation and to take all other available measures 
to secure the utmost in operating efficiency. They took 
the further position that the public was entitled to have 
the most efficient system of transportation possible to 
create, including all available agencies ; and that the pub- 
lic had the right to use each agency in the manner and to 
the extent justified by its effectiveness and economic 
cost, but only upon terms just and equitable to all. That 
these principles have been, and are, actually in effect is 
demonstrated by the accomplishments of which I have 
spoken, and which are manifestly of utmost value to the 
cause of transportation progress. 


Recommends Central Research Bureau 


In the Interstate Commerce Commission’s report on 
consolidation of railroads the concurring opinion of 
Commissioner Joseph B. Eastman, now Federal Co- 
ordinator of Transportation, contained the very pertinent 
declaration : 


“The desirability of cooperation by the railroads through 
some central agency, like the American Railway Association, in 
all matters where their special interests are not in conflict. 
Considerable has been done along these lines, but much more is 
possible. It should include provision for a highly organized 
central research department. ... In my judgment, many of the 
advantages which are urged in support of railroad consolida- 
tions on a grand scale can be realized in a better way by such 
a policy of intelligent cooperation.” 


_ I agree with this view. I believe that under the 
iurisdiction of the Executives of the American Rail- 
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way Association there should be appointed a Director 
of Research. His duties should be to co-ordinate all 
research activities of all divisions and bureaus, plan the 
work to be done, allocate direct where it should be con- 
ducted, decide sequences of activity, and in general to 
pursue many inquiries which at present are difficult 
owing to the competitive conditions between railroads 
themselves and other modes of transportation. 

Railroad research work, as now conducted, divides 
itself into two general classes: first, that which is cen- 
trally directed, such as improvements in air brakes and 
draft gears, standardizing box cars, the work of the 
Bureau for the Safe Transportation of Explosives, de- 
velopment and use of freight containers, their loading and 
stowing ; second, the work which is constantly progress- 
ing in laboratories of the individual railroads and insti- 
tutions ; and the experience gained through actual opera- 
tions upon railways in conjunction with these experi- 
mentations. Some of the results of the second classi- 
fication are promulgated through the central organiza- 
tion, acting as a clearing house for dissemination of the 
information to the railroads. 


Research in Merchandizing Railroad Service 


Speaking for myself alone, there should be a third 
class of centralized research work, involving what might 
be termed the business affairs of the railroads. This 
group of problems should be taken up much more ag- 
gressively than has been the case in the past. Under this 
third classification would fall such matters as studies in- 
volving a sounder basis for making and adjusting rates 
and fares; new forms of transportation service and im- 
provement of existing facilities; coordination of rail 
transportation with other agencies of service; better 
salesmanship as an aid to more effective solicitation 
of business and other kindred subjects. Research into 
such matters, carried on under central! direction would 
be free from competitive self-interest and would permit 
unimpeded study for the benefit of all. 


Need of Central Control Agency 


Let us see our problem straight. I believe it will be 
admitted that, born in competition under the require- 
ments of law, many of the uneconomic practices in the 
transportation field today are due to the lack of one cen- 
tral control agency whose interest would be exerted for 
the benefit of all. This has resulted in efforts on the 
part of individual carriers to seek opportunist solutions, 
perhaps momentarily benefiting themselves but often 
disastrous to their neighbor, and in so doing, un- 
economic practices have been supported which have their 
origin in competition from within and without. 

Under such central direction, controlled by a govern- 
ing body, wholly within the railroads, it is not difficult 
to visualize closer cooperation between the railroads 
themselves, and if the industries which they serve could 
be similarly organized as concerns transportation mat- 
ters, such coordination would tend to stabilize market 
conditions and so prevent unwarranted and ruinous price 
cutting in times of declining business, as well as to insure 
an adequate supply at reasonable cost in times of commer- 
cial activity. At all times industry, and likewise rail- 
roads, need price stabilization within reasonable bounds. 

There should be more intelligent and intensive adver- 
tising of railroad service, a clearer analysis of the needs 
and desires of the traveling and shipping public and a 
-more thoughtful study of problems of coordinating and 
unifying the various agencies of transportation. Cen- 
tralized research would not neglect the foregoing pos- 
sibilities. 





Universities Are Important Contributors 
to Railway Research 


Extensive laboratories at Purdue and Illinois have long been devoted to 
investigation of technical problems of the railroads 


railway problems which have been the subjects 

of investigation and research in the laboratories 
of universities is presented in two papers which were 
read at the Railroad Division sessions of the American 
Society of Mechanical Engineers. 

In his Review of Forty Years of Railway Engineering 
Research at Purdue University, Gilbert A. Young, head 
of the School of Mechanical Engineering and director 
of the mechanical engineering laboratories, dealt briefly 
with 54 investigations which, with other minor studies, 
include over 110,000 tests at a total cost in the forty 
years of approximately $4,285,000. 

These investigations relate to locomotive boiler and 
engine efficiencies, to the operating features of car equip- 
ment, studies of the stresses in railway equipment under 
static loading, and include those conducted on the Ameri- 
can Railway Association testing machines which are 
deposited at Purdue. 

In a similar review of railway research at the Uni- 
versity of Illinois, Edward C. Schmidt, head of the 
Department of Railway Engineering, and Everett G. 


A impressive picture of the wide range of technical 


Young, research professor of railway mechanical engi- 
neering, review 18 major projects, most of them devoted 
exclusively to railway investigations and others of a 
general character, in the benefits of which the railways 
have shared. The investigations of railway problems are 
of two classes: Those carried out in co-operation with 
the railways and other organizations and those initiated 
and carried out by the Department of Railway Engi- 
neering itself. 

In addition to these two universities which have long 
specialized in the engineering problems of the railways, 
specific projects have been carried out at many other 
universities from time to time which, in the aggregate, 
have made a measurable contribution to the technical 
progress of railway transportation. 

Space permits of presenting a brief abstract only of 
certain projects described by the authors of the two 
papers, which have been selected for their value in show- 
ing the character of the part played by the universities 
in the technical progress of the railways and the extent 
of the equipment and personnel that have contributed 
to the conduct of this work. 


Forty Years of Railway Research at Purdue 


By Gilbert A. Young 
Head of the School of Mechanical Engineering and Director of Mechanical Engineering Laboratories, Purdue University 


It is the fortune of few men to impress themselves 
on an institution and on a generation as did the late 
W. F. M. Goss, the first Dean of Engineering of Purdue 
University. The work and life of Dr. Goss contributed 
greatly not only to the railways of the world, but also 
to the shaping of the careers of hundreds of engineers 
who were students at Purdue University and at the 





American Railway Association Power-Brake Laboratory at 
Purdue University 


University of Illinois during his connection with these 
institutions. 

Throughout the twenty-eight years of his service at 
Purdue the railway was the outstanding development of 
America. Early he saw the necessity of the scientific 
method in the study of its motive-power problems, and 
to his unflagging zeal in its application, the nation in 
general, and Purdue in particular, owes a lasting debt 
of gratitude. Supported by the president, Dr. James H. 
Smart, Professor Goss secured for Purdue the first 
locomotive testing plant in the world—his own design. 
From that day the locomotive had to render an account 
of its service. 

Following the scientific conquest of the locomotive, 
Dr. Goss led the way in the systematic testing of other 
parts of the running train; successively, the air brake, 
the brake shoe, the car coupler, the draft gear, and even 
the wheels themselves have received critical examination 


—under his direction or through the continuing presence 
of his inspiration. 


The Use of Superheated Steam 


The history of the introduction of the use of super- 
heated steam is interesting due to a number of vears 
elapsing after its first use a hundred years ago in 1832 
to the time, fifty years later, when it was generally recog- 
nized as a means of increasing engine economies. After 
the early reciprocating engine had passed through the 

















“ es VS 


>= = 


it 
d 


en 
on 
ice 


er- 
ars 
332 
og- 
ter 
the 





pea Bee 


Vol. 95, No. 1 


experimental stage, superheating had been employed and 
proved its value, but it was gradually abandoned by the 
majority of engineers and not again resorted to until 
successive stages of increasing pressures, ordinary com- 
pounding, jacketing and refined designing had been 
brought to their greatest perfection. 

With the introduction of hydro-carbon lubricating oils, 
balanced valves and improved packing, the use of con- 
siderably higher temperatures became possible and, in 
1890, interest in this subject was renewed by the atten- 
tion drawn to the results which were being accomplished 
in Germany. 

One of the first researches undertaken in the Purdue 
University locomotive laboratory on Schenectady No. 1 * 
in 1893 was to determine the amount of superheat given 
to the steam by passing it through the smokebox on the 
way from the dry pipe header to the cylinder. The 
results indicated the possible value by utilizing the waste 
heat in the smokebox by the so-called smokebox super- 
heaters which had been introduced into locomotive design 
by European builders. 

Under the auspices and patronage of the Carnegie 
Ins:itute of Washington and in co-operation with Purdue 
University an extensive series of locomotive tests was 
started in 1904 and finished in 1905. The first series 
of 100 tests had for its purpose the determination of 
the performance of a locomotive using saturated steam, 
and, the second, that of a locomotive using superheated 
steam. 

In the superheated series, reported to the American 
Railway Master Mechanics’ Association in 1909, the 
results showed that the higher evaporation efficiency was 
obtained with the lowest boiler pressure and that the 
degrees of superheat increased as the boiler pressure 
decreased, varying from 134 deg. F. at 240 lb. pressure 
to 170 deg. F. at 120 lb. pressure. The average pounds 
of coal per indicated horsepower in the superheated 
series was 3.09 and for the saturated series was 3.57, 
showing a 10.9 per cent increase in favor of the super- 
heated locomotive. 

The previously reported tests seemed to show a pro- 
gressive improvement in the efficiency of the locomotive 
with an increase of superheat. Because this apparent 
improvement in the efficiency had not reached a maxi- 
mum, it was decided to increase the temperature of 
superheat. While the maximum degree of superheat 
in these experiments was only 240 deg., two very im- 
portant conclusions resulted; namely, “A locomotive 
equipped with a superheater giving 200 to 240 deg. of 
superheat will, during the time of running, effect a saving 
in coal consumption of from 20 to 30 per cent over that 
of the same locomotive using saturated steam. It would 
seem that the total gain in efficiency which could be 
obtained from superheat in a locomotive would not be 
reached until the temperatures became too high for prac- 
tical purposes.” 

As the superheated locomotive used 15 to 20 per cent 
less fuel at the same power, a study was undertaken in 
1912 to determine the increase in power of the locomo- 
tive when using the same amount of coal that would be 
used if operated on saturated steam. 

The results showed that the power of the superheated 
locomotive varied with the steam pressure and in the 
range of these experiments increased from 22 per cent 
i200 Ib. per sq. in.] to 13 per cent [120 Ib. per sq. in.] 
when burning the same amount of coal as was used when 
used as a saturated engine. The results also revealed 
the fact that if the maximum efficiency were maintained. 





* Professor Young included in his paper a brief description of four 
locomotives which have successively belonged to the Purdue University 
test plant. These were Schenectady No. 1, 1891 to 1897; Schenectady 


No. 2, 1897 to 1902; Schenectady No. 3, 1903 to 1923 in- 
Purdue No. 4, 1924 to date. ” . » and Vauclain 
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A. R. A. Testing Equipment for Automatic Train-Line Connectors 


this increase in the available power with the same water 
heating and superheating surfaces would allow an in- 
crease in cylinder size, which is now 16 in. in diameter, 
to 18.75 in. This would mean an average increase in 
indicated horsepower of nearly 29 per cent. 

The value of superheating is now an old story. Please 
remember it was not an old story in 1905. It was 
pioneering work and Dean Goss had to have the adven- 
turous spirit of a pioneer to equip the test locomotive 
with four types of superheaters and demonstrate to 
doubting unbelievers the value of superheated steam in 
locomotive service. 


Early Development of the Front End 


The American Railway Master Mechanics’ Association 
became interested in the proper design of exhaust nozzles 
as early as 1890 and some years later appointed a com- 
mittee to co-operate with Purdue University in the so- 
lution of this problem. The investigation took the 
form of a study of the form and action of the jet of 
exhaust steam in the front end of a locomotive and was 
undertaken at the Purdue Locomotive Laboratory in 
1895 on Schenectady No. 1. From the results of this 
study a recommended size, shape and height of exhaust 
nozzle was determined. The limiting facts thus ob- 
tained were adopted by the American Railway Master 
Mechanics’ Committee for recommended practice in 
1896. 

This study was accepted so favorably by the railroad 
officers in settling the question of proper design of the 
exhaust pipe and nozzle that the American Engineer and 
Railroad Journal, under the able leadership of its editor, 
G. M. Basford, in 1902 offered to sponsor an investiga- 
tion of locomotive smoke stacks at Purdue University. 
A committee of 12 motive power officers from the rail- 
roads were chosen as advisors. The question to be solved 
by this investigation was the form, diameter and height 
of the stack and effect on the power of the locomotive. 
It was assumed that the previous work on exhaust noz- 
zles would be a start to the whole problem. 

When the report was published in the American Engi- 
neer and Railroad Journal in 1903 the results were so 
outstanding and in many ways so radically different 
from preconceived ideas that it was felt that further in- 
vestigation was desirable, chiefly because the Purdue 
locomotive was smaller than those used throughout the 
United States. 

The members attending the annual convention of the 
American Railway Master Mechanics’ Association in 
1903 expressed a common desire to have the experiments 
repeated upon a locomotive of large size and to have 
the study extended to include the draft-pipe problem, 
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The First A. R. A. Drop-Testing Machine—The Tup Weighs 1,440 Ib — 
A 27,000-lb. Machine Is Now in Use 


the effect of inside stacks and of false tops in the smoke 
arch. It was not until November, 1905, that all the 
plans were matured and the New York Central Atlantic 
type locomotive was delivered to Purdue University and 
the tests continued six days a week until the following 
April. 

There were many co-operating agencies who aided in 
this new series, among which was the continued as- 
sistance of the American Engineer and Railroad Journal, 
which initiated and sponsored the original study in 1902; 
the Standard Oil Company, which presented a carload of 
[fuel] oil; contributions from 74 railroads and two loco- 
motive building companies, besides the generous part 
which the officers of the New York Central took in 
making the whole investigation possible. 

The conclusions drawn from the results secured in 
this elaborated series of experiments were conclusive 
and far-reaching as to their influence on front-end de- 
sign. Out of the combined series of experiments came 
the standard front-end known the world over as the 
Master Mechanics’ front end, which was adopted and is 
still, nearly 40 years later, generally used in locomotives 


of today. 
A. R. A. Testing Machines At Purdue University 


The testing machines for the standardization of rail- 
way equipment, formerly owned by the Master Car 
Builders’ Association, and now under the direction of 
the Mechanical Division, American Railway Association, 
which have been deposited at Purdue University include 
the air-hose testing apparatus, a drop testing machine 
for impact, a brake-shoe testing machine, and an air- 
brake testing rack. 
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_ The two new machines built for special lines of inves- 

tigation under the co-operation and direction of Purdue 
University and the American Railway Association are 
the draft-gear testing machine located in a new labora- 
tory building, the cost of which was borne by the Ameri- 
can Railway Association, and two automatic-train-line- 
connector test machines. 

The last pieces of equipment to be deposited at Pur- 
due are the tank-car outlet valve impact testing equip- 
ment and the tank-car safety-valve machine. These are 
jointly owned by the American Railway Association, the 
American Petroleum Institute and the American Rail- 
way Car Institute. 

While the first of these testing equipment came to 
Purdue University in the late nineties, the last three 
were either deposited or constructed at Purdue during 
the last five years. Most of these machines are used 
for laboratory instruction of the mechanical engineering 
students, for research by the different committees of the 
American Railway Association, and for experimental 
purposes by those seniors and graduate students who are 
specializing in railway engineering. 


The Air-Brake Laboratory 


The story of the testing rack for the experimental 
study and the standardizing of air-brake valves is one 
of interest, because its development is indicative of the 
growing importance of this phase of safety in railroad 
operation. The air-brake testing rack was first located in 
Altoona, Pa., but was brought to Purdue University in 
1899. 

The equipment in the air-brake laboratory was com- 
pletely over-hauled for the fourth time and rearranged 
and the laboratory was renamed in 1925 preparatory to 
an investigation of power brakes by the American Rail- 
way Association. The brake-pipe line from hose con- 
nection to hose connection was increased’ from 42 to 50 
ft.*, the rack was lengthened to accommodate the latest 
air-brake equipment, and two new locomotive brake 
equipments were installed on the locomotive test rack. 
Specially designed trainagraphs were installed, together 
with many automatic devices designed to eliminate the 
personal equation from the readings taken to secure com- 
parative data. 

Actual tests were started on the A.R.A. investigation 
November 30, 1925, and completed January 24, 1929, 
and in this period 2,697 complete tests were made on 


_the test rack under the general direction of the director 


of research of the American Railway Association and 
the immediate supervision of his assistant and the head 
of railroad work at Purdue University. Twenty-two 
men were employed in operating the rack and securing 
the data. One or two representatives of the Interstate 
Commerce Commission were present at all times when 
the tests were performed during the whole period of 
six years. 

During the period when tests were being made on the 
rack another force of 66 men was tabulating and analyz- 
ing the results of these tests. At the completion of the 
rack tests a report was prepared in which the director 
of research of the American Railway Association recom- 
mended that the standard K equipment, and the West- 
inghouse type FC-5 and type FC-3 equipments be sub- 
mitted to road tests under actual service conditions. 

The director of research’s assistant, the head of the 
railroad work at Purdue and 20 investigators were taken 
from Purdue University to the Pacific coast to conduct 
these tests. The tests were started August 1, 1929, and 





*When first installed the dimension from hose coupling to hose coupling 
was 38 ft. 
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were completed March 31, 1931. 
of these road tests another force of 40 men located at 
Purdue University were busy compiling the data from 
the records of the tests. 
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The six years of investigation of power brakes cre- 


ated a nation-wide interest among the railroad officers 
as over 5,000 visitors came to Purdue University to wit- 
ness the tests. 


Research at the University of Illinois 


By Edward C. Schmidt, 
Professor of Railway Engineering and Head of the Department of Railway Engineering, University of Illinois 


and 


Everett C. Young, 


Research Professor of Railway Mechanical Engineering, University of lilinois 


The establishment of the Engineering Experiment 
Station at the University of Illinois was due chiefly to 
the efforts of L. P. Breckenridge, professor of mechani- 
cal engineering, who became its first director and con- 
tinued in that office until he left the University of Illinois 
in 1909 to become the head of the Department of Me- 
chanical Engineering at Yale University. Since chat 
time the directorship has been vested in the dean of the 
College of Engineering, and the present director is Dean 
M. S. Ketchum, who has presided over the operations 
of the Station since 1922, In the thirty years of its 
existence the Experiment Station has completed investi- 
gations in nearly every field of engineering and in physics 
and chemistry, the results of which have been published 
in 255 bulletins and 21 circulars. 

For distinctively railway investigations the equipment 
of its Department of Railway Engineering is unexcelled. 
This comprises a dynamometer car (owned jointly with 
the Illinois Central), an electric test car, special railway 
electrical laboratory equipment, a brake-shoe testing 
machine, a drop-test machine, and a locomotive testing 
plant fully equipped to test any existing steam locomo- 
tive, except a few of the largest articulated types. In 
its scope and availability this equipment is equalled only 
by the facilities of the Altoona laboratories of the Penn- 
sylvania Railroad. 


Studies of the Stresses in Railway Car Wheels 


In the fifty years preceding 1920 freight-car wheel 
loads had increased fourfold. That wheel design, al- 
though in the main dependent upon empirical processes. 
had kept pace with the demands, is clear from the fact 
that the weight of the wheel, within this interval, had 
increased by only 60 per cent and that it continued to 
be adequate. About twenty years ago, however, the 
wheel manufacturers’ difficulties were becoming acute: 
wheel load was still increasing, braking service was 
becoming more severe, and flange dimensions were 
sharply limited by the design of frogs and other track 
special work. The situation called for much more in- 
formation about the stresses in wheels than was then 
available. 

In these circumstances the University, upon request 
of the Association of Manufacturers of Chilled Car 
Wheels, agreed to co-operate with them in an extensive 
study of the stresses set up in wheels under the condi- 
tions of mounting and use. This investigation was made 
by the Department of Railway Engineering, acting in 
behalf of the Engineering Experiment Station. The pro- 
gram as finally carried out included tests to determine 
(1) the strains caused by mounting the wheel on its 
axle; (2) the strains caused by the static wheel loads; 
(3) the strains caused by flange pressure and the ulti- 
mate strength of flanges, and (4) the strains due to 





temperature gradients in the wheel arising from appli- 
cation of the brakes. 

On the basis of the results of these tests the Associa- 
tion of Manufacturers of Chilled Car Wheels revised 
and completed the redesign of chilled iron wheels, which 
it already had under way. Concerning their usefulness, 
F. K. Vial, vice-president of the Association and of the 
Griffin Wheel Company, than whom no one is better 
qualified to speak, has said: 

“The far-reaching effect of the co-operation in research of an 
industry with a university is particularly well exemplified by this 
investigation, which has resulted in the entire redesign of the 
chilled tread wheel into a much simpler and far more reliable 
form. * * * When you consider that the manufacturers of the 
chilled tread wheel are responsible for 24,000,000 wheels in serv- 
ice, requiring 3,000,000 per year for renewals, and were never- ° 
theless willing to turn their back on the old design which had 
successfully carried the rail-borne commerce of the United States 
for a century, you may be assured that we knew we had reliable 
technical information upon which to base this radical departure.” 


Tests of the Thermic Syphon 


Early in 1930 the Experiment Station entered into 
an agreement with the Illinois Central and the Locomo- 





Tank-car Outlet- and Safety-Valve Testing Equipment Jointly Owned 
by the American Railway Association, the American Petroleum 
Institute and the American Railway Car Institute 
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tive Firebox Company of Chicago to test the Nicholson 
thermic syphon, which is manufactured by the Locomo- 
tive Firebox Company and is used extensively on this 
railroad. The tests were made by the Department of 
Railway Engineering in its locomotive laboratory. They 
were begun in April, 1930, and completed during the 
summer, 

The syphon has been available since 1918 and at the 
time of these tests about 13,000 were installed on the 
locomotives of American and Canadian railways. Al- 
though it had previously been subjected to numerous 
road tests, the results given in Bulletin 220 constituted 
the first published record of tests of this device made 
in a locomotive testing plant where the test conditions 
can be fully controlled. The gain in efficiency due to 
the syphons ranged from 11.6 per cent at the lowest rate 
of evaporation to 6.6 per cent at the highest rate. 


Stresses in Railroad Track 


This item in the group of co-operative researches 
refers to the work carried on by the joint Committee on 
Stresses in Railroad Track of the American Railway 
Engineering Association, the American Railway Associa- 
tion and the American Society of Civil Engineers. The 
committee has been in existence since 1914 and its work 
still continues. From the outset its chairman has been 
Dr. A. N. Talbot, for many years head of the Depart- 
ment of Theoretical and Applied Mechanics of the Uni- 
versity of Illinois and, since 1926, professor emeritus. 

The University’s relation to this research has been 
different from that it has borne to the other co-operative 
investigations. Its relation to it has been informal and 
has been maintained chiefly through Professor Talbot. 
All the office work of the committee has gone on at the 
University, and its special research staff has been housed 
at the University since the beginning. Such experimental 
work, other than railway field work, as has been involved 
has been done in the University’s laboratories and, espe- 
cially in the early stages of the work, members of its 
staff have contributed in important ways to the experi- 
mental work and the analysis of the results, although 
in later years the special staff of the committee has been 
less dependent upon such assistance. 


Train Resistance and Tonnage Rating 


The Railway Engineering Department’s investigation 
of steam railway train resistance began soon after its 
establishment in 1906* and has since continued at ir- 
regular intervals. The results thus far accomplished 
are recorded in four bulletins of the Engineering Experi- 
ment Station: No. 43, “Freight Train Resistance; Its 
Relation to Car Weight ;” No. 59, “The Effects of Cold 


Weather Upon Train Resistance and Tonnage Rating ;” 


No. 110, “Passenger Train Resistance,” and No. 167, 
“Freight Train Curve Resistance on a One-Degree Curve 
and on a Three-Degree Curve.” 

The freight-train resistance tests were made on a 
considerable number of ordinary freight trains in regular 
service on the Illinois Central Railroad. Their purpose 
was first to establish reliable values of net train resist- 
ance for operation on good main-line track, and in the 
second place to try to define the influence of car weight 
upon net resistance. There was at the time no very 
reliable experimental data available with respect to either 
subject. The general conditions of track, car construc- 
tion and car weight have in the meantime changed so 
little that the results of the investigation are still appli- 
cable. 





*This investigation was initiated by the Department of Rai!way Engi- 
neering of the University of Illinois and was carried out through the 
co-operation of the Illinois Central. 
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The test results embodied in Bulletin 59 (The Effects 
of Cold Weather on Train Resistance) are a by-product 
of the resistance tests in moderate weather, which have 
just been discussed. Whenever during these tests the 
air temperature turned out to be much below 40 deg., 
the derived resistance values were greater than usual. 
As such tests continued to be encountered, it became 
obvious that these apparently abnormal values were 
merely due to the effects of the low temperature. This 
bulletin is consequently neither comprehensive nor de- 
finitive, but it presented for the first time direct and 
quantitative experimental evidence of the increase in 
train resistance with decrease in temperature, and it has 
proved to be suggestive and useful. 

The passenger-train resistance investigation (Bulletin 
110) in its purpose and scope was similar to the freight 
resistance study. The work comprises the results of 
tests with 28 trains. The results of this investigation 
have been widely accepted as a valid contribution to the 
general subject of train resistance. 

The curve-resistance tests recorded in Bulletin 167 
constitute one of the very few direct experimental de- 
terminations of curve resistance made on American rail- 
ways. The resistance due to curvature was found to be 
about 0.5 Ib. per ton per degree of curve. 


A Study of the Locomotive Front End 


The correct design of the portion of the locomotive 
known as the front end, including the exhaust pipe and 
nozzle, the smoke stack, and such other devices (damper, 
baffle plates, diaphragm walls, netting, etc.) as are uti- 
lized in the effort to obtain the most satisfactory draft 
action, is a major problem. Front-end action is pecul- 
iarly well adapted to laboratory investigation, and the 
most important contributions to the knowledge of the 
subject have been made either by laboratory tests of 
locomotives, or by tests of front-end models. The De- 
partment of Railway Engineering chose the latter method 
as a means of studying the laws governing front-end 
action and has carried on an investigation over several 
years, the results of which are about to be published 
under the title “A Study of the Locomotive Front End, 
Including Tests of a Front-End Model.” 

A series of tests in which a number of nozzles identical 
in all dimensions, except diameter at the mouth, with a 
single stack, and a fixed resistance to air flow through 
the model, gave a basic generalization of results. Each 
successively larger nozzle of the series showed a smaller 
exhaust pressure for a given rate of steam flow, accom- 
panied by a smaller corresponding air flow. Selecting 
one of the nozzles of this series, with this stack and air 
resistance as a standard for comparison, improvement 
in performance requires a lower exhaust pressure or a 
larger air flow (or both) for a given steam flow. Ti 
the nozzle of medium diameter is chosen as a standard 
of comparison, it is found possible to make such an 
improvement in performance by the following methods: 

(a) Improvement in the form of the nozzle. 

(b) Improvement in the diameter and taper of the stack. 


(c) Increasing the height of the stack and the distance between 
the top of the nozzle and the top of the stack. 


(d) All of the foregoing being based on a constant resistance 
to air flow, the reduction of this resistance made a significant 
improvement. 

The investigation as a whole confirmed the value of 
standing front-end tests of locomotives, with certain 
improvements in method obviously desirable. The data 
from this investigation with a model reflect every recog- 
nized principle governing the front-end action so accu- 
rately that the additional information derived can be 
applied to the locomotive with confidence. 




















Research in Many Fields Contributes 


to Equipment Development 


Discussions by railway men and manufacturers show a wide 
range of agencies which have co-operated in the technical 
advancement of locomotive and car design 


tions of research conducted by the railroads, by the 
industries and by the universities, which were pre- 
sented at the morning Railroad Division session at the 
spring meeting of the American Society of Mechanical 
Engineers, an afternoon session was given over to the 


F ‘tions of rese the formal reviews of the contribu- 


discussion of the relation of research in the development 
of many specific features of motive power and rolling 
stock. Roy V. Wright, managing editor of the Railway 
Age, presided at this session and fifteen railroad men 
and manufacturers presented 10-min. discussions. Brief 
abstracts of these discussions follow. 


A.R. A. Standardization of Freight Equipment 


By F. H. Hardin 
Assistant to President, New York Central Lines 


The American Railway Association has long realized 
and recognized the many advantages which would accrue 
through standardization of the principal types of freight 
equipment cars used on American railroads, and over a 
period of a number of years, efforts have been made 
from time to time to attain this objective in the form of a 
practical reality, but for various reasons, success has 
not in the past crowned these efforts. To the average 
shipper or user of freight cars, this situation might ap- 
pear incomprehensible, but upon close scrutiny, the mag- 
nitude of such an undertaking, the many difficulties to 
be overcome and the conflicting interests to be satisfied, 
immediately become apparent. 

The work of the association as now constituted is of 
a strictly co-operative nature, persuasion rather than 
vested authority being the principal lever of accomplish- 
ment available to the responsible committees. 

The advantages of such standardization, however, are 
many. A few are reduced cost of production and main- 
tenance to the railroads, with ultimate corresponding re- 
duction in freight transportation costs; reduced produc- 
tion delays ; more systematic progress in design improve- 
ment and the smoother handling of freight offered for 
movement through elimination of complications result- 
ing from numerous sizes and capacities of cars. 

_ Although in the aggregate a considerable number of 
single sheathed box and all-steel hopper cars have been 
built to the drawings of previously prepared standard 
designs with certain modifications, the situation was such 
during their creation that certain restrictions were im- 
posed upon the designing committees and the designs are 
not quite up to the standard that can be produced today. 

The problem in its present form then becomes one 
of producing designs representing the latest state of the 
art with reference to weight, cost, construction, strength 
and general utility so that, when completed, they would 
be too attractive for railroads to disregard and would be 
of such character that any road might properly and con- 
sistently adopt them as standards and construct its 
future cars thereto even though not required to do so. 

Immediately after the June convention in 1931 a 
Program was formulated and, in view of its underlying 
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importance, this program, consisting of six items, is here 
given in full: 


1—Disregard existing A. R. A. fundamentals, design standards 
and recommended practices pertaining to car body construction 
and details where, if followed, the efficiency and value of the 
design as a whole would be adversely affected. 


2—Request the full co-operation and assistance of the builders 
in the design work through the Committee on Car Design of the 
American Railway Car Institute. 

3—Review the design each year and make revisions as may be 
considered necessary or desirable so as to keep it currently up 
to date and representative of the latest state of the art. 

4—Design the car body so as to provide satisfactory applica- 
tions of the principal proprietary specialties for a car of this 
type, i.e., doors, ends and roofs. At the same time, make proper 
provisions for designs of these items to be prepared by the 
builders. In the event development of satisfactory applications 
for both constructions to the same basic car structure is found to 
be impracticable, then changes in the structure necessary to ac- 
commodate either one group or the other are to be made in order 
to accomplish this result. 


5—All A. R. A. member roads are to be licensed by the car 
builders to use without royalty any of the constructions or details 
incorporated in the design by the builders, on which they now may 
hold patents, have patents pending or for which later they may 
file applications. 


6—Take advantage of available information relating to mainte- 
nance and service of existing cars of this general type. 


In August, 1931, the chairman of the committee called 
the first joint session with a Design Committee appointed 
by and representing the American Railway Car Institute. 
The work was pushed so vigorously by all concerned that 
during the June convention of 1932 complete drawings 
and specifications were presented to the association for 
vote and adoption under its regular letter-ballot procedure 
as a standard design for generally unrestricted inter- 
change service and the car was promptly adopted as such. 

For quantity production and general interchange 
service, it was necessary to keep this design free from 
experimental features or expensive alloy materials and 
construction methods unestablished in railroad service. 
Regardless of this limitation, some 3,500 lb. of weight 
were saved in the superstructure alone. The trucks and 
certain other large castings offer further definite pos- 





18 RAILWAY AGE 


sibilities of weight reduction through co-operative re- 
search as soon as the work can be pursued to a con- 
clusion. Still more progress along this line may be made 
in the form of welded construction and possibly through 
the use of alloy materials, as soon as the state of the art 
permits. 

Five sample cars are now on order and under construc- 
tion for the American Railway Association. 

Before concluding, it is desired again to direct special 
attention to Item 3 of the program which definitely 
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should dispose of one of the principal objections to 
previous association work of this character. 

At present, the joint Design Committee is actively en- 
gaged in producing new designs of 50- and 70-ton nomi- 
nal capacity hopper cars as the next step in this progres- 
sive movement, and it is hoped that the essential moral 
support to insure success may be forthcoming from all 
concerned, including the shippers and the railroads, to 
the definite advantage of all directly or indirectly affected 
and benefited by American railroad prosperity. 


Car Trucks and Steel Castings 


By Harry M. Pflager, 
Senior Vice-President, General Steel Castings Corporation 


Steel castings were used to some extent in England 
and on the European continent, as well as in America, 
prior to 40 years ago, but it was about that time that 
they began to be made in quantities. All of the earlier 
steel castings were made in the same manner as iron 
castings and similar designs were utilized. It was, how- 
ever, quickly recognized that in order to use cast steel 
to the best advantage primary consideration would have 
to be given to the design of castings by engineers in 
order to obtain the full advantage and expected results 
from cast steel. : 

A new branch of engineering has been evolved with 
the increase in the use of steel castings. The art of 
making steel castings has been completely revolutionized, 
_ as the engineer, chemist, physicist and metallurgist have 
become increasingly important factors in steel foundry 
work. But the increasing attention that has been given 
to the design of the cast-steel structure has been in large 
measure responsible for the degree of perfection which 
has been reached. 


Development of Cast-Steel Trucks 


In 1900 the first cast-steel truck side frame was made 
for use with separate journal boxes and the following 
year the boxes were cast integral with the frame. The 
use of the integral-box frame has progressively increased 
and many improvements have been made in its design 
and manufacture. As a result of the extensive engi- 
neering study and research conducted by the manufac- 
‘turers, freight-car truck maintenance, formerly the ma- 
jor item of expense, has with the cast-steel truck become 
almost negligible. 

In 1905 the first one-piece cast-steel truck frame was 
made for a passenger car. This was of the four-wheel 
type and embodied in a unit not only the side and cross 
members, the brake and swing hanger brackets and 
equalizer spring caps, but also the pedestals were cast 
integral with the frame. While the integral pedestal has 
become almost the universal practice today, it was not 
generally used after this initial application until about 
1917. It was thought that an integral pedestal broken in 
an accident would be difficult to repair and not until 
recent years was this objection overcome. 


The First Six-Wheel Cast-Steel Truck 


The initial application of cast-steel six-wheel trucks 
to a passenger car was made by the Pullman Company 
on one of its sleepers in 1905. These trucks used the 
separate M.C.B. cast-iron pedestals with drop equalizers 
and had outside bearings, and this general type was 
standard until the trend toward integral pedestals began. 

The general use of clasp brakes and the need for 


easier inspection and quick replacements of brake parts 
brought about the introduction of the straight equalizer 
trucks. On this type of truck also it was possible by 
advances which had taken place in the molding art to 
cast the side bearings, cross bolsters and truck center in 
a unit, thus eliminating the separate side bearing arches 
on outside of frame. 

Experience has conclusively proved that an equalized, 
swing-motion type of truck gives to passenger coaches a 
high degree of riding comfort, compensates for track 
irregularities, equalizes the load on the various wheels 
and provides insurance against derailment. The use of 
swing hangers, which provide a lateral mechanical 
cushion on curves and absorb the transverse blows on 
straight track, also tends to overcome the action pro- 
duced by centrifugal force on curves. This is brought 
about by the inclination of the lower ends of hangers, 
permitting the wheels to move laterally of the vehicle 
body, the outer hanger swinging outwardly and upwardly 
and the inner hanger inwardly and downwardly, thus 
tilting the body toward the inside of curve when cars 
are going at high speeds. On the other hand, when 
standing or traveling at very low speeds on track in 
which ‘the outer rail is elevated, the hangers work in the 
reverse direction, tending to maintain the car in a level 
position. This feature is also particularly desirable on 
heavily laden, high center of gravity vehicles, such as 
locomotive tenders, and it is believed its application 
could profitably be considered on other railroad rolling 
stock. 

The corrosion-resistant quality of cast steel has been 
proved in the one-piece tender frame which, for more 
than 25 years, has successfully served in a place where 
are present sulphurous acid deposits caused by cistern 
leakage and coal spillage. An examination of any of 
these older cast-steel tender frames shows that they have 
been practically unaffected by this destructive agent. 
Probably the best example of the ability of cast steel to 
withstand corrosive deterioration is in the one-piece sul- 
phur car underframes which have been in use on the 
Santa Fe for over five years with splendid results. This 
is in distinct contrast to the built-up steel car which cor- 
roded rapidly from the sulphur lading. 

The production of steel castings is rapidly becoming 
an advanced science. Difficulties that were formerly 
looked upon as unavoidable are today rapidly passing, 
if indeed they have not already vanished. In no branch 
of industry has the steel casting been more generally 
utilized than in railroad work and this is largely due to 
the encouragement which railroad men have given to the 
adaptation of the unitary principle in their rolling stock, 
coupled with their recognition of its inherent value. 
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Locomotive and Car Wheels 


By C. T. Ripley, 
Chief Mechanical Engineer, Atchison, Topeka & Santa Fe 


Prior to 1900 the usual wheel for locomotive and 
passenger cars was the steel-tired type similar to the 
European practice, and the old design double-plate or 
Washburn type cast-iron wheel was the usual standard 
for freight cars. 

About 1901 machinery was developed fcr the produc- 
tion of the one-piece steel wheel known as the wrought- 
steel or rolled-steel wheel. The advantage of this type 
over the steel-tired type was the lower first cost and the 
elimination of labor involved in renewal of tires on cen- 
ters. An additional advantage lay in the elimination of 
possible failures due to breakage of tires through the 
bolt or rivet holes. This type of wheel rapidly came 
into favor and became the general standard for locomo- 
tive tenders and passenger cars and gradually came into 
use on many freight cars, particularly those of larger 
capacity. 

Steel Wheel Developments 


Some locomotives built since the war period have had 
such large tenders that the wheel loads have increased 
to over 30,000 Ib. per wheel. These excessive loads 
combined with high speeds put such heavy duty on the 
wheel that some difficulties arose due to shelling out of 
the tread. To meet this condition manufacturers have 
developed heat-treating processes for the wheels which 
give a better quality of metal, particularly in the tread. 
Elaborate plants for this heat treatment are now installed 
in most of the mills, and wheels of this type are being 
extensively used, particularly under locomotive tenders. 

In the case of passenger-car wheels the difficulty which 
developed under the heavy braking involved in higher 
speeds was thermal cracking of the treads. Heat treat- 
ment alone did not appear to remedy this trouble, but 
the usage of a somewhat different steel and new processes 
of heat treatment appear beneficial. A new standard 
tread contour, with straight taper, has also proved 
helpful. 

A special rolled-steel freight-car wheel, known as the 
“one-wear wheel,” has also come into use, particularly 


















































Car Wheels—Old and New. Sections of the Washburn Wheel of 
1898 and the New A. R. A. Single-Plate Wheel 


on certain eastern roads. The object of this wheel is 
to afford a lower first cost and to eliminate the necessity 
for turning. The so-called two-wear wheel has been 
used to a certain extent, but not extensively. 

All of these developments of rolled-steel wheels have 
been brought about mainly through the research work 
which has been carried on in the manufacturers’ plants. 
The Wheel Committee of the American Railway Asso- 
ciation has co-operated in this work and helped through 
service tests. The modern American rolled-steel wheel 
has no similar equal for quality in any other part of the 
world. Active experimental work is still going on. 

About 1907 a new wheel of the cast-steel type, known 
as the Davis wheel, was developed. The steel in this 
wheel is an alloy with special heat treatment. It was 
originally of the one-wear type, but has recently been 
developed also in the multiple-wear type, as tool steels 
have been found which will turn its very hard tread. 


The Single-Plate Chilled-Tread Wheel 


The cast-iron wheel has also been extensively im- 
proved during the past 15 years and the present-day cast- 
iron wheel, or, as it is now officially called, “chilled-tread 
wheel,” is a far better product than that formerly pro- 
duced. The first change made about 1918 was the de- 
velopment of the so-called arch plate type which elimi- 
nated the sharp juncture of the two plates, which had 
been a point of weakness due to localization of stress and 
the possibility of collection of dross, etc. The next major 
development was the single-plate wheel. This design 
provided a concentration of the metal in a single plate, 
making the wheel much more resistant to plate breakage 
caused by heat developed by the brake shoe. At the 
same time the flange was thickened and the so-called 
reinforced flange standardized. 

The single-plate wheel was adopted by the American 
Railway Association in 1928 and is now in general use. 
Its use has resulted in practically eliminating the so-called 
cracked plate failure which was a major difficulty with 
the old type of wheel. It has also greatly reduced flange 
failures and, in general, has been one of the most marked 
improvements in freight-car equipment during the past 
decade. Experiments for improvement of cast-iron 
wheels are still going on, particularly in the use of some- 
what different alloys, to reduce the tendency of brake 
burn. The development work on the cast-iron wheel has 
been handled in the laboratories of the various wheel 
companies under the direction of their association. The 
A. R. A. committee and the individual railroad staffs 
have co-operated actively in this research work and car- 
ried on the necessary service tests to develop the new 
designs. Here again is a product which has no equal 
of its kind in any other part of the world. 

A new development in wheels during the past two 
years has been in the usage of rubber, the object being 
to give easier and quieter riding. This development has 
been along two lines: One, to use pneumatic tires applied 
to steel centers with a steel flange; the other, the placing 
of rubber between the steel rim and the steel center. 
These developments are too new to warrant giving them 
a definite rating for railroad service. At best their field 
for application is rather limited, but they may prove to 
be of some advantage in certain light service. 

The spoke-type driving-wheel center has been the only 


‘one used until recently new designs of the disc or semi- 
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disc type were developed. These have not been exten- 
sively used as yet, but numerous experimental applica- 
tions have been made. The advantages expected in this 
design are greater strength, lighter weight and better 
counterbalance. 

Locomotive trailer wheels are generally of the steel- 
tired cast-steel-center type. In recent years the manu- 
facturers have developed their equipment so that they 
can produce rolled-steel wheels of large enough diameter 
for this service. Many such wheels are now in service 


Passenger-Car 
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and appear to be an economical and reliable substitute 
for the steel-tired type. 

Wheel work involves about 20 per cent of the total 
car-repair costs and it is, therefore, an item on which 
the railroads should concentrate to make savings. 
Through the Wheel and Axle Manual the American 
Railway Association has actively assisted the various 
railroads in their efforts to improve wheel-shop practice, 
and large savings have actually been effected on the 
majority roads. 


Developments 


By Peter Parke, 
Chief Engineer, The Pullman Company 





Interior of a Pullman Car of 1893 


At the Century of Progress Exposition, under the 
dome of the Transportation Building, there is exhibited 
a replica of a sleeping car of 1859 and alongside of it, 
an all aluminum Pullman of 1933. A casual examina- 
tion, nothing more, is needed to impress upon the mind 
of an observer the great progress made in the art of 
passenger-car construction. 

Car-body construction has undergone complete trans- 
formation. In the early days cars were constructed of 
wood throughout, with truss rods for support of struc- 
ture between trucks. Cars were simple to design and 
build in those days and not subjected to many engineer- 
ing considerations. Today, a steel car is an engineering 
structure which requires careful calculation and elab- 
orate detailing. The development of the steel car was 
prompted by a due regard for the safety of passengers 
in long trains operated at high speed. The wood cars 
involved a fire hazard and often failed as protection for 
occupants in case of wrecks. The first step in the de- 
velopments from which a steel car evolved was to intro- 
duce steel to strengthen the wood car. Bolsters and plat- 
form members were made of steel; next, complete con- 
tinuous steel underframe members were introduced, also 
steel reinforcement as anti-telescoping devices for vesti- 
hules, and finally evolved the all-steel car, with which 
fire risk is eliminated and safety promoted. It affords an 


effective protection in train wrecks in all except isolated 
cases of exceptional severity. Incidentally, the steel car 
development resulted in the creation of a new industry, 
that of steel cabinet making for producing steel interior 
finish and steel furniture. 

When the narrow vestibule was still comparatively 
new, I participated in the development of the first wide 
vestibule, which was an important contribution to the 
safety of railroad travel. Its outside and inside heavily 
reinforced walls, form a rampart which in collision re- 
ceives and, by distortion and buckling of its framing 
members, absorbs the initial impact shock without dam- 
age to occupied car space. The paramount consideration 
in steel car design is safety. 

Decoration and interior design has ever been one of 
constant variation in conformity with contemporary ten- 
dencies. From crude it developed into ornate and again 
back to simplicity. In various periods it has changed 
back and forth between the two extremes. 


Lighting and Heating 


When I first knew passenger cars, oil lamps were the 
common source of illumination. Electric lights with 
storage batteries as the source of power had been used 
to some extent, but were then unreliable. Pintsch gas 
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replaced the oil lamps. Improved electric light equip- 
ment was produced and a combination of Pintsch gas 
and electric light fixtures were used with a dynamo in 
the baggage car as the source of electric power for light- 
ing the train. The practice of using combination light- 
ing fixtures was continued during the development of 
reliable electric power equipment until the latter was 
dependable. Important in car lighting has been the gen- 
erator and lamp regulator development, without which 
satisfactory illumination under the greatly varying train 
speeds is not possible. Batteries suitable for railroad car 
service are also a special development. 

A common method of heating cars in my early expe- 
rience was with a coal-fired, hot-water heater on each 
car, or hot-water jackets under the car for heating the 
circulation water with steam from the train line. Heat- 
ing system developments were many and varied, and 
finally resulted in the general use of what is known as 
the vapor system of steam heat which comprises a num- 
ber of regulating valves in which trainline steam is 
expanded and admitted under atmospheric pressure to 
the interior heating pipes, under control of a thermostatic 
disc in the drip end of the regulator. The vapor system 
is a safety development, as it eliminates pressure steam 
from interior heating pipes. 

The sanitary facilities in passenger cars have kept step 
with modern development of plumbing for homes. All 
plumbing fixtures for railroad cars constitute, in con- 
struction details, a specific development for railroad 
service. 

Open windows for ventilation were the only means 
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available in the early cars. Later, scoop intakes were 
tried on the car roof for forcing air through ducts into 
the car. Either scheme produced good ventilation at 
times, but not so good in inclement weather, or when 
smoke surrounded the car. Deck exhaust ventilators 
were later devised, which, when the train is running, 
create a low-pressure area inside the car, thereby causing 
infiltration of air in fine streams around windows and 
doors. 

The latest development is air-conditioning equipments 
for both summer and winter use. With air-conditioning 
equipment, fresh air is drawn into the car, filtered and 
delivered under pressure to the air-conditioning equip- 
ment where it is cooled and dehumidified, or heated and 
humidified, as the occasion may require, and then deliv- 
ered to the car, all operations performed under full auto- 
matic temperature control. Several types of effective air- 
conditioning equipments have been developed for cool- 
ing with ice, with water evaporation, with steam from 
the trainline, and by mechanical refrigeration in which 
the compressors are driven either by electric motor or 
direct from the car axle through speed control. 

Railroad passenger transportation equipment of today 
has been developed not merely to provide space for a 
passenger to occupy while being transported from one 
place to ancther, but as a safe vehicle in which are pro- 
vided commodious living quarters, sleeping accommoda- 
tion in dormitory space, or in various types of private 
rooms, provisions for baths, club facilities, and now 
fully air-conditioned equipment for maximum comfort 
both in summer and winter. 


Automotive Engines and Cars 


By L. G. Coleman, 
Manager, Locomctive Department, Ingersoli-Rand Company 


In view of the relatively low thermal efficiency of the 
steam locomotive and the considerable expense of the 
auxiliary services to maintain it, many have wondered 
why the internal combustion engine, with its much 
greater thermal efficiency and practically complete ab- 
sence of necessity for auxiliary services, such as coaling 
plants, water and cinder stations and boiler washout 
facilities, has not made more headway on the railroads. 
The history of railroad research and development in the 
use of internal combustion engines shows that the rail- 
roads have been alive to the situation from early days. 

The application of gasoline engines to unit passenger- 
car movements was begun in the early nineties and had 
reached a very considerable development by 1912, but 
it was completely interrupted by the necessify for all 
manufacturing plants to turn to war material. Just 
before this happened the possibility of complementing 
this development by the addition of Diesel engines for 
heavier powers was being given consideration, but this 
effort also had to be dropped. 

After the war this development again became active. 
It was necessary to make radical changes in theories of 
Diesel engine design before they could be successfully 
adapted to locomotives. The ability to build engines for 
locomotives of any size and capacity required had barely 
been accomplished when the cataclysm of 1929 again 
called a temporary halt. 

In spite of these difficulties, on December 31, 1932, 
there were in service, or ordered, outside of the United 
States and Canada 159 oil-electric locomotives varying 
in size from 200 to 1,700 hp. and 63 oil-electric rail cars. 





There were in service in the United States and Canada 
127 oil-electric locomotives, 11 gas-electric locomotives, 
32 oil-electric rail cars, and 737 gas-electric rail cars. 


Adapting Operating Methods to the Diese! Locomotive 


The engineering problems overcome in the design of 
Diesel engines for locomotives are only the first step. 
Even under the most favorable conditions individual 
Diesel locomotives must cost more than steam locomo- 
tives. In order to obtain sufficient return on the invest- 
ment to warrant their full application, certain material 
alterations in operating methods are essential. ‘The oper- 
ating characteristics and duty cycle of steam and interna!- 
combustion engines are different, mainly due to the direct 
relation of speed and horsepower in the former and the 
constant available horsepower of the latter, as well as 
their freedom from service stops. The most favorable 
operating tonnage should be determined and then the 
proper horsepower applied rather than the reverse 
method which has largely been used in the past. 

Diesel locomotives may be applied one at a time and 
operated with steam locomotives, their installation being 
spread over a period of years. Only a portion of their 
economies are gained, however, until the complete appli- 
cation is accomplished. These economies, both direct 
and indirect, are so great that it seems inevitable their 
use will be undertaken when conditions become more 
stable. 

The essential limitations to which Diesel engines in 
railroad service are subjected are such as to require 
special design for that service. They must be relatively 











light and small, radiation capacity is limited, and at the 
same time they must. be reliable and able to run for long 
periods with no expert attention. 

In stationary and marine service, weight and size are 
relatively unimportant and there is no necessity to trans- 
port the cooling medium. The engines have the advan- 


tage of being under constant supervision by expert: 


mechanics. In air service weight is of prime importance 
and continuous service requirements short. Expert 
supervision is available after each trip. Long life, while 
desirable, is not essential. The ideal railroad engine 
must have the good points of both and the weaknesses 
of neither. In order to get the full benefit of Diesel 
operation, the units should be capable of remaining in 
service for at least six days with no other attention than 
fueling and safety inspection ; should not require general 
overhaul oftener than once in twelve months, and should 
be capable of giving 7,000 hours of actual service in a 
year. 

The development of light, high-speed Diesel engines 
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for buses, trucks and aeroplanes has led in some quarters 
to the expectation of the early application to rail service 
of such engines somewhat modified. I am of the opinion 
that this is not probable. While some increase in rota- 
tive speed and lighter construction will probably come, 
in view of the limitations I have pointed out, it will, of 
necessity, be by slow degrees and require engines spe- 
cially designed for rail service. 

Locomotives capable of duplicating the performance 
of steam locomotives in passenger and freight service 
today can be built with Diesel engines as now designed 
and building. If full advantage is taken of their pos- 
sible economies, they will justify their present relatively 
high cost. This handicap will, of course, lessen as they 
are built in quantities. 

It is possible to build a 4,000-hp. Diesel electric loco- 
motive with Diesel engines now built and running with 
55,000 to 60,000 Ib. on the drivers, and I believe the next 
few years will find them entering the field of main-line 
operation in considerable numbers. 


Research in the Railroad Braking A\rt 


By Samuel W. Dudley, 


Michael Reynolds, writing in 1862 of the system of 
continuous brakes then in use in the United Kingdom, 
opens his book with the question “What can be done to 
prevent fatal accidents?” Suppose we ask, in 1933, 
“What has been done?” One answer appears in the 
railroads’ report to the Interstate Commerce Commission 
on last year’s passenger traffic. Not a single revenue 
passenger lost his life in a train accident for a total of 
nearly seventeen billion miles traveled by passengers in 
the year 1932. This unique record is impressive testi- 
mony to the farsightedness, persistence and ability of 
those who, whether from within or from without, have 
guided or contributed to the safety factor in railroad 
progress. 

What has been the relation between the railroads (the 
users) and the manufacturers (the providers) in the 
development of new facilities to meet the new demands 
of an expanding transportation industry? Has progress 
in the art of railroad braking anticipated or awaited the 
insistent demands of operating requirements, progres- 
sively increasing in severity? Which of the interested 
parties—the railroads, the manufacturers, the public— 
have assumed the initiative? 





One of 38 Trainagraphs in the Power-Brake Laboratory at Purdue 


Professor of Mechanical Engineering, Yale University 


All of the agencies mentioned have contributed their 
share in varying degree, at successive stages and accord- 
ing to the circumstances of each progressive step. 

The railroads, responsible both for conducting the 
business and practicing the art of transportation, have 
always been alert to the interdependent physical and 
economic conditions confronting them. In this country 
they have developed facilities for and programs of joint 
action among themselves in order to meet the demands 
of their own individual operating requirements, or sur- 
rounding competitive conditions. At the same time both 
the individual and the associated railroads have recog- 
nized their dependence upon the manufacturers furnish- 
ing the means for accomplishing the results desired. Not 
being manufacturers themselves, nor, as a rule, staffed 
with experts in the field of air-brake engineering or 
design, the railroads have naturally looked to the manu- 
facturers and their technical experts for assistance in 
these problems. 

The manufacturers, by keeping in touch both with 
local and country-wide requirements, have been able to 
bring their resources of intensive and extensive studies 
and experience to bear upon operating problems develop- 
ing locally or nationally. The co-operation between the 
air-brake manufacturers and the railroads, fortunately 
for the safety and economy of railroad operation, has 
been closé and intelligent. From the beginning the re- 
lationship has been more that of consultant and client 
rather than that of mere buyer and seller. To his prob- 
lems and responsibilities as the builder of a product for 
sale the manufacturer has added no small share of his 
clients’ responsibilities for the use of that product to 
safeguard the life, the property and the economic values 
of the traveling, shipping and investing public. 

Transportation is both a business and an art. The 
technique required for conducting and developing the 
business of transportation draws heavily upon the ma- 
terial available and the principles established in the 
underlying fields of commerce, economics, finance and 
the political and social orders through which they 
operate. In the practice of the art, as is the case in the 
business of transportation, there are available the tools, 
the facilities and the principles evolved in related and 
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contributory fields, such as science, engineering and 
manufacture. 

It is the business of the engineering and manufactur- 
ing agencies interested in the railway field to provide the 
materials, tools and facilities needed from their particular 
industry to develop the principles upon which sound 
economic progress in these directions may safely proceed 
and to organize and carry forward the basic scientific 
and technical research that will contribute most funda- 
mentally and effectively to such progress. 

It would be impracticable for the railroads themselves, 
burdened with their responsibilities for conducting the 
business and practicing the art of transportation, to 
carry the vast and multifarious burden of technical re- 
search and organization now so well provided by indi- 
vidual manufacturers in their special fields. But it has 
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always been true, and always will be true, that only by 
the closest co-operation between the railways and such 
organizations can sound progress be insured. 

The requirements are first evident or foreshadowed in 
railroad operation or trends. Analysis, research, ex- 
periment and development by the manufacturers result 
in apparatus and methods to which the railroads must 
then apply the final test of road trials and service opera- 
tion. Fortunately for the business, as well as for the 
art of transportation, this common understanding of 
their joint and individual responsibilities has been 
recognized and mutually fostered from the beginning. 
There is no more vitalizing and effective element con- 
tributing to the progress of this vast and essential in- 
dustry than its informed and co-operative approach to 
its technological problems. 


Progress in the Development of Draft Gears 


By L. P. Michael, 
Chief Mechanical Engineer, Chicago & North Western 


Since the adoption of the automatic coupler there has 
not only been a continuous study, research and develop- 
ment of the coupler and its parts, but there also has been 
a continuous development of cushioning devices, or draft 
gears, as well as of the attachments to the framing of 
the cars. 

Draft-gear development has a very important me- 
chanical and economic significance in American railroad- 
ing. Its dependable performance under all service con- 
ditions is virtually essential to the preservation of lading 
and the perpetuation of the life and the usefulness of 
car structure. Its dependable performance also con- 
tributes very materially to the safe operation of trains 
and the speeding up of traffic. 

Until about 1890 when the automatic coupler was 
coming into general use a single helical spring afforded 
a fair degree of protection, because the cars were of 
only 10 to 20 tons capacity and trains were short. The 
use of a car connector, which automatically coupled by 
impact, speeded up yard movements and permitted the 
handling of longer and heavier trains with larger and 
heavier locomotives. Car weights and capacities at this 
time also were increasing. All of these conditions were 
particularly destructive to cars with the conventional 
wooden sills and trussed wooden superstructure, and 
this type of equipment had a hard time of it in the early 
days of the automatic coupler. These conditions were 
the stimulus to the development of better draft gears 
and attachments. 

The destructive tendency of high speed switching also 
hastened the advent of cars of steel construction. The 
steel car had none of the body resilience peculiar to the 
flexible wooden car which was very effective in absorb- 
ing shocks. The friction type of draft gear was the 
logical solution of the problem of restoring this lost 
resilience. In 1897 the first friction draft gear was in- 
troduced as a practical device. Since then much con- 
structive thought has been exerted in this field of de- 
sign, as is evidenced by the large number of draft gears 
and attachments which have been’ developed. 


Draft-Gear Requisites 


The draft gear is essentially an engine, because it 
reciprocates against resistance and does work during a 
compression and release cycle. The action is identical, 
except that the cycle is reversed. The cycle of action for 


the best performance in railroad service must conform 
to about the following fundamentals: 

(1) Development of the required capacity under high-speed 
compression with prescribed limits of stroke or travel. 

(2) Maximum utilization of the initial part of the compression 
stroke for work development so there will be no slack action and 
so the pressure at the end of the stroke will be as low as possible 


—the lower this pressure the better the quality of shock pro- 
tection of given capacity. 


(3) Low-pressure release so the absorption of harmful impact 
energy as frictional heat will be as high as possible and the re- 
turn energy or recoil as low as possible consistent with proper 
release. 


(4) Maximum endurance or long- term maintenance of ade- 
quate capacity cycle, without change in qualities of low final 
pressure and low recoil effect with proper release action. 


(5) A sturdiness of column structure which will accommodate 
overloads with a minimum of set and without in any way im- 
pairing the capacity and endurance functions of the device. 


(6) Automatic adjustment for wear and column set for the pre- 
vention of slack. 

The present railroad economic situation not only de- 
mands these characteristics at a nominal cost, but it also 
requires their provision with the least possible number 
of parts and least total weight. 

The first comprehensive road and laboratory tests 
were made by the M. C. B. Draft Gear Committee in 
the years 1900, 1901 and 1902. A 1,640-lb. drop ham- 
mer and a 300,000-lb. capacity screw-compression ma- 
chine constituted the laboratory equipment and gave re- 
sults which were not consistent with service performance. 
The screw-compression machine imposed an action many 
times slower than actual service conditions, and the 
1,640-lb. hammer, commonly used to test axles and 
wheels, had a striking velocity at draft-gear capacity so 
high as to produce unsatisfactory results. However, 
laboratory practice has greatly improved with time. The 
slow compression machines were gradually - discarded 
and the hammer weights increased, with successful re- - 
sults, to 9,000 Ib. and later to 27,000 lb., so the service 
performance today can be faithfully interpreted by 
accelerated laboratory tests. 


Advanced Methods of Investigation 


Interesting and valuable methods of determining de- 
tails of draft-gear performance have been devised, such, 
for example, as the chronograph which accurately de- 
termines the pressure cycles of draft gears during com- 
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pression and release peculiar to railway shock-resisting 
service. 

Ultra high-speed motion photography has been used 
to excellent advantage for the purpose of revealing the 
phenomena of car impact, and the actual performance 
and behavior of various parts of the draft-gear mechan- 
ism. Slow-speed motion pictures of these photographs 
permits observation for longer than a minute of actions 
which were completed in less than a second. 

All through the years since the time the Master Car 
Builders’ Association was organized in 1867, even 
through and immediately after the war period, constant 
research and development, laboratory, car-impact and 
road tests have been in progress or under consideration 
by the American Railway Association, co-operating with 
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the manufacturers. This continuous program of co- 
operative action has recently culminated in the A. R. A. 
standard specification for freight-car draft gears, which 
sets up minimum standards for draft-gear performance. 
Manufacturers of railway draft gears must now obtain 
a certificate of approval of their products from the 
American Railway Association which has installed a 
valuable research laboratory at Purdue University for 
the purpose of testing draft gears submitted by the 
various manufacturers to make sure that such gears as 
tested will meet all the requirements of the A. R. A. 
specifications. 

This procedure will unquestionably be of great benefit 
to the railroads and afford the very much needed basis 
of comparison and guidance for draft-gear construction. 


Research Related to Locomotive Development 


By W. E. Woodard, 
Vice-President, Lima Locomotive Works 


Upon first thought the relation and influence of scien- 
tific research on locomotive development may appear 
rather difficult to define and trace. To many persons 
the steam locomotive has seemed to just grow one step 
upon another—apparently to some degree the result of 
trial-and-error methods. This view undoubtedly results 
from the fact that improvements in railway motive 
power, before obtaining any general acceptance, must 
not only produce the purely theoretical results forecast 
for them, but they must also meet the exacting require- 
ments of safety in train operation and must demonstrate 
their advantages in operation under widely varying con- 
ditions. Moreover, any changes introduced must prove 
to be sound economic investments, or produce benefits in 
some other operating phases to offset their increased 
first cost and their maintenance. 

I will cite a few examples which seem to amply justify 
the statement that fundamentally much of the outstand- 
ing progress is traceable to and based upon technical 
research work. 

First, referring to materials of construction. In this 
field the designers have availed themselves of a vast 
amount of technical study on metallurgy, particularly the 
effect of various alloys on steel used in locomotive con- 
struction. 

In the matter of train resistance a most interesting 
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and important amount of research work has been per- 
formed. Its bearing upon motive-power development 
is evident in connection with the recent steps being taken 
in the streamlining of equipment and in light-weight 
construction. 

A whole paper could be written upon the history of 
research on train resistance, dating back to the studies 
of D. K. Clark in 1855, Wellington in 1887 and Goss in 
1889, whose contribution on air resistance was the result 
of elaborate laboratory tests upon models. Those inter- 
ested in the subject will find a very complete bibliography 
in the library files of the American Society of Mechanical 
Engineers in New York, prepared by F. J. Cole in 1909, 
which contains references to all the work done upon the 
subject up to that date. In 1910 and 1912 appeared 
Schmidt’s formulas based upon the University of Illinois 
tests which have been largely used as references up to 
the present time. In 1915 the Pennsylvania contributed 
a valuable addition to the subject in its test bulletin No. 
26, and in 1916 and 1918 the University of Illinois added 
their bulletins upon the resistance of electric cars and 
railway coaches. The data developed formed one of the 
foundations upon which railway men and locomotive de- 
signers rate the capacity of their existing motive power 
and predict the performance of comtemplated designs. 

The locomotive designer is much concerned with the 
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proper proportioning of the furnace, boiler and super- 
heater to the steam-using or engine portion of the loco- 
motive. An outstanding contribution in this field was 
the work of F. J. Cole, who in 1914 proposed his loco- 
motive ratios. I know that this was a piece of work in- 
volving real research and study, as at the time Mr. Cole 
was assembling the data upon which his calculations 
were based I was closely associated with him. The 
locomotive industry and the railways have benefited 
greatly from this work and it has been only within the 
past few years that advances in.the art have modified 
the characteristics of the steam locomotive so as to place 
many of the modern designs outside the range of his 
figures and ratios. However, the general method of ap- 
proach he developed and used is still applicable to the 
problem and his work still stands as an outstanding 
piece of research in the railway field and is a guide 
upon which all locomotive designers depend. 

The contributions of the various locomotive test plants 
to research work has already been commented upon. In 
this connection it need only be mentioned that one of the 
handbooks of the locomotive designer is the set of Penn- 
sylvania test-plant bulletins. Another piece of research 
work—possibly not so well known but of great value 
to the designer—is the standing boiler tests run by the 
New York Central at Gardenville in 1923. 


Special Investigations for Advanced Designs 


Locomotive designs do not just grow. In the prepara-: 
tion of the basic design of the 2-8-4 type locomotive, 
known as the A-1, built by Lima in 1925, it was desired 
that the proportions of the boiler be based upon a maxi- 
mum coal rate of about 100 Ib. per sq. ft. of grate per 
hour, but we found that little direct data were available 
for predicting how such a boiler would perform. The 
proportions and dimensions to which the final boiler was 
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built were worked out from assembling, comparing and 
extending data from the Pennsylvania test-plant bulletins 
and the Gardenville standing tests to which I have 
already referred. These figures were checked by com- 
parisons and calculations from numerous road tests. 
The boiler proportions finally selected led to the use of a 
four-wheel trailing truck, which has now become prac- 
tically standard for heavy freight and passenger loco- 
motives. 

It was further desired in the design to use cylinders 
in which the maximum cut-off was limited, in order to 
obtain high horsepower outputs for a given driving- 
wheel weight and to reduce steam consumption per unit 
of work. Certain features of limited cut-off locomotives 
were not predictable at the time. Through the hearty 
co-operation of the New York Central a series of start- 
ing and acceleration tests were run at Ashtabula in 1923, 
from which some very valuable data were developed 
and upon which the proportions and cut-off of the cylin- 
der of the A-1 were based. 

Early in the work on this design we had to face the 
problem of providing rods capable of handling increased 
horsepower output and heavy piston thrusts. This prob- 
lem was answered by designing and applying to an ex- 
isting locomotive a set of experimental rods of the type 
which later became known as the Tandem rod drive. 

After the locomotive was constructed eight different 
railroads heartily co-operated in road tests. These tests, 
primarily for demonstration purposes, nevertheless de- 
veloped much technical information which has proved 
very useful in applying and extending the same prin- 
ciples of design to other and: larger units. 

These examples of research are selected simply as 
illustrations showing that, after all, scientific investi- 
gation has played a vital part in the development of the 
modern locomotive. 


The Locomotive Boiler 


By H. B. Oatley, 
Vice-President, Superheater Company 


The increase in size and power of the steam loco- 
motive has been the subject of many papers and dis- 
cussions during the past several years. Comparatively 
little emphasis, however, has been laid upon the fact 
that, without the development of a more economic steam 
generating system in its entirety, the greatly enhanced 
value of the larger locomotives would not have been 
realized. 

Much intensive study and research has been put upon 
the problem of making available, for the locomotive 
cylinders, a working medium, greater in quantity and 
more suitable in quality; a medium which would permit 
more foot-pounds of work delivered by the cylinders 
trom a smaller number of B. t. u. in the fuel supply. 

That this objective has been attained is amply attested 
by the steadily decreasing steam and fuel rates per in- 
dicated horsepower-hour. Recognition must be given 


to the greatly increased sustained boiler horsepower 
which has been the factor contributing most to the 
greater ton-miles-per-train-hour performance that has 
been an outstanding achievement in American and 
Canadian railroad operation. 

The table indicates the change in boiler characteristics 
during the past 30 years. The values for steam pressure, 
degrees of superheat and pounds of steam per hour are - 
not the maximum, but represent what was considered 
good conventional practice at the particular period. 
Boiler capacities very much above these figures have been 
provided ; passenger locomotives with an evaporation of 
86,000 Ib. and freight locomotives with an evaporation 
of 122,000 lb. per hour have been in use. 

The increased output per pound of boiler, boiler water 
and superheater represents the advance in effectiveness. 
This, for passenger locomotives, is an increase of 70 
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Lb. steam hr. in sup’h’r with two boiler, water 
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per cent and, for freight locomotives, 30 per cent, in the 
same period of time. 

The major factor, not only in boiler design but also 
in respect to the energy supply for the cylinders, has been 
the integrally built superheater. While the advantages 
of superheated steam have been most pronounced in 
cylinder performance, it should be remembered that the 
present-day horsepower requirements could not have 
been met with boilers that supply only saturated steam. 

Feedwater heaters have contributed, but to a somewhat 
lesser degree, in supplying greater sustained horsepower 
from a boiler of given size. 

The trend toward the use of steam at higher pressure 
and temperature, together with the need for greater 
capacity, brought to the front the advantages of the 
present-day form of smaller flue superheater. Struc- 
tural and material questions were considered in this 
design. The objective of greater heat-absorbing capacity 
of the combined boiler and superheater made possible 
higher temperatures for larger evaporations within a 
boiler of any prescribed diameter. 

Notable increases in the firebox surfaces not alone 
caused by the increase in grate area, but by the addition 
of combustion chambers, thermic syphons, arch tubes, 
etc., have brought beneficial results in firebox and com- 
bustion-chamber efficiency. Increased capacity has re- 
sulted from stoker firing, improvement in grates and 
in more effective front-end draft appliances. 

In the matter of materials mention must be made of 
the reduction in weight afforded by the use of alloy 
steels for shell plates as well as for fireboxes. In con- 


AGE July 1, 1933 


struction, the use of welding has effected some weight 
reduction, but to an even greater extent has decreased 
the cost of maintenance. Consideration in recent years 
has been given to the use of seamless drums and boiler 
shells and further use of such constructions may be 
anticipated. 

The locomotive boiler has greater possibilities and de- 
signers in this country, as well as abroad, are giving 
intensive study to its further development. Conventional 
boilers with stayed surfaces are in satisfactory service 
up to 300 Ib. per sq. in. in this country and some have 
been recently placed in service abroad carrying 385 lb. 
per sq. in. working pressure. 

The increasing use of higher steam pressures has for 
many years caused thought to be given to the water-tube 
firebox. The Baltimore & Ohio and the Delaware & 
Hudson have gone further in this direction than other 
roads in this country. Water-tube fireboxes for pres- 
sures running from 250 to 500 lb. per sq. in. are in 
service. More information as to their performance will 
prove of value and point the direction for further study 
and research. 

Working in the direction of still higher boiler pres- 
sures, and with the aim to eliminate the possibility of 
scaling condition on firebox surfaces, a great deal of re- 
search and experimental work has been done leading up 
to the construction of several locomotives with the. multi- 
pressure boiler. Two of these—one on the Canadian 
Pacific and the other on the New York Central—have 
been under severe service and test conditions for more 
than a year. 


Locomotive Running Gear and Counterbalancing 


\ By A. G. Trumbull, 
Chief Mechanical Engineer, Advisory Mechanical Committee, Chesapeake & Ohio, Pere Marquette, Erie, and New York, Chicago & St. Louis. 


With increased freight-train speeds the influences of 
the unbalanced revolving weights upon the track, the 
structures and the locomotive themselves have assumed 
such importance as to arouse universal interest on the 
part of engineers and others concerned in locomotive 
design and operation. In the more recent notable ex- 
amples of locomotive construction in this country freight 
locomotives have been built with much larger driving- 
wheel diameters, thus affording an opportunity to bal- 
ance not only the revolving weights, but also the usual 
percentage of reciprocating weights. 

More recently, however, the increasing popularity of 
airplane travel has led to the consideration of much 
higher speeds for steam locomotives than has hereto- 
fore been considered possible. This again aroused a 
new interest in the counterbalancing problem, the solu- 
tion of which is an obvious prerequisite to speeds ap- 
proximating those which are now attainable with electric 
locomotives or with certain projected types of rail cars 
to be operated with internal combustion engines. 

There have been a number of recent novel develop- 
ments, both in design and in the application of materials, 
which promise important and even revolutionary results 
in the solution of this problem. The more important of 
these are the following: 


Increased Counterbalance Capacity 


The more recently established practice in the design 
of driving-wheel centers contemplates the use of open 
counterbalance pockets, permitting the introduction of a 
maximum weight of lead alloy. However, in the case of 


many older types of locomotives, this is frequently in- 
sufficient to provide for the proper balancing of the re- 
volving weights and, to meet this problem, the Lima 
Locomotive Works has developed an improved type of 
counterbalance which, as to old equipment, involves the 
application of a plate on the inside of the existing 
counterbalance, the necessary clearance being provided 
by a modification in the spring rigging through which the 
outside face of the conventional type of driving-box 
saddle is eliminated, the spring being carried on a suit- 
ably designed saddle overhanging the driving box from 
the inside. 

A recent application of this arrangement to two loco- 
motives of the 2-8-4 type, both of recent and exactly the 
same design and characteristics, has been made. As 
built, the locomotive had a deficiency of 136 lb. in rotat- 
ing balance at the main wheel. With the same type of 
locomotive equipped with the improved counterbalance, 
it was possible to balance all of the rotating weight and 
the proper proportion of the reciprocating weight. This 
resulted not only in substantial reductions in rail pres- 
sures at all speeds, but also in more even rail stress 
curves, indicating a great improvement in the influence 
upon the track and locomotive over the effects previously 
produced by a large excess of revolving masses. 

In addition to the common alloys of nickel and chromi- 
um, there has been considerable research in the possi- 
bilities of aluminum, especially for those reciprocating 
parts which are not subjected to high temperatures. 
Evidence is accumulating which indicates that satisfac- 
tory operation may be expected from these parts and 
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that a weight reduction over steel of at least 50 per 
cent may be anticipated. 


Special Steels and Roller Bearings 


The most notable pending developments in the design 
of the revolving and reciprocating masses are those con- 
templated in the researches of the Timken Roller Bear- 
ing Company. These involve radical departures in de- 
sign and materials and are naturally associated with 
the use of roller bearings, of which the Timken Roller 
Bearing Company is an advocate for locomotive service. 
Reductions in the weight of reciprocating parts approxi- 
mating 50 per cent are considered possible through the 
use of Timken High Dynamic steel coupled with a suit- 
able design of rods, crossheads, pistons and piston rods 
to utilize this steel efficiently. High Dynamic steel is 
represented as a natural alloy of carbon, manganese, 
chromium, nickel and molybdenum and responds to heat 
treatment developing properties that are unapproached 
by other alloys or steel available for similar purposes. 
This steel has the following physical characteristics : 


PE. Nika eed cin Gee ae awe ee PeEw Ow ees 120,000 Ib. 
MIR. hia 6 Sra er ciecrt acl si:uik Svea eae we See 20 per cent 
SS 2. errr 60 per cent 
ee re ee eer ee 50 to 70 


It will be observed that the ductility is comparable 
with ordinary carbon steel, but that the resistance to 
shock as represented by the Izod value is many times 
greater. 
two-thirds the weight of the conventional plain-bearing 
rod. The main and side rods are distinguished by rela- 
tively large bores to receive the bearings and by the rod 
ends having a hub, disc and outer rim, providing maxi- 
mum strength and resistance to distortion with minimum 
weight. The section of the rod bearing is relatively 
narrow and deep as compared with the plain bearing, 
which is relatively wide and shallow. The distribution 
of weight of the Timken rod end is approximately six- 
teen times more favorable than a similar rod with a plain 
bearing. 

The crosshead has two full roller shock-type Timken 
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The main rod of the proposed design is about - 
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bearings which are mounted in the crosshead forging of 
High Dynamic steel. The driving stresses will be trans- 
mitted through a continuous train of High Dynamic 
steel construction permitting the use of aluminum alloy 
crosshead gibs, thus effecting a further reduction in the 
weight of reciprocating parts. The gib is carried on 
pivot plates, which are pivoted through bronze bushings 
on the crosshead forging. The crosshead key is to be 
made of. High Dynamic steel of I section, which will 
effect a reduction in weight of 40 per cent. 

The piston rod will be forged from cold drawn High 
Dynamic steel tube with large bore, permitting the use 
of a 3%4-inch wall. It will be about 62 per cent stronger 
than a solid axle-steel forging and will be approximately 
one-half the weight. A piston has been designed for a 
27-in. cylinder of 250 Ib. steam pressure, having a weight 
of 133 lb. This is estimated to be about 40 per cent of 
the weight of the built-up piston and reduces the weight 
of reciprocating parts accordingly. 

Designs which have been developed for a Pacific type 
locomotive indicate a reduction in weight of reciprocating 
parts approximately 50 per cent of the conventional 
locomotive, which is about two-thirds that heretofore 
obtained with an American locomotive designed with 
particular reference to minimum reciprocating weights. 
Current American practice provides for an overbalance 
of 50 per cent for reciprocating weights. Since the re- 
duction in weight through the Timken development is 
50 per cent, a locomotive with Timken rods and re- 
ciprocating parts could be operated with the revolving 
parts only balanced, so that at comparable speeds no 
greater nosing effect would be produced.than with the 
present conventional design. It would be possible, there- 
fore, to very greatly reduce the dynamic augment and 
effect a corresponding reduction in the influence of 
stresses on track and on locomotive parts, such as boxes, 
frames, springs, spring hangers and equalizers, which 
should produce substantial economy both in maintenance 
of track and of equipment. 


locomotive Valves and Valve Gears 


By G. S. Edmonds 
Superintendent Motive Power, Delaware & Hudson 


To date, three practical types of valves have been de- 
veloped, in their order, the slide, the piston and the 
poppet. The definite date of the first use of the slide 
valve is not fixed, but it is known Murdoch of England, 
Watt’s assistant, used a crude form in the latter part of 
the eighteenth century, which was later materially im- 
proved by Watt. 

In the earliest examples of British steam locomotives, 
steam was admitted to the cylinders throughout the full 
stroke of the piston and the provision of either notch 
plates or loose eccentrics made it possible to simply re- 
verse the locomotive without any further thought as to 
the use of the expansive properties of the steam. It 
soon became apparent by limiting the amount admitted 
to the cylinders the propelling force acting on the piston 
did not cease at once, due to the elastic nature of the em- 
Ployed fluid, and that for a given amount of work to 
he performed a substantial economy of fuel could be 
obtained by this limited admission. It seems certain 
that James in America was fully aware of this fact as 
early as 1832, and while the advantage of this construc- 
tion was taken in the operation of stationary and marine 
engines, and though lead was provided, quite generally 


the practice of just sufficient lap to prevent direct waste 
of steam continued with the locomotive. This is prob- 
ably due to the fact, with the increased lap, difficulty 
was experienced in starting heavy trains and evidently 
the easy handling was deemed more important in this 
period than the saving of the fuel. 

In 1845 the independent cut-off valve was introduced, 
that used by Baldwin, consisting of a steam chest, di- 
vided by a horizontal wall into two chambers, the cut-off 
valves operating in the upper and being actuated by a 
separate gear to cut off the steam at almost half stroke. 

As boiler pressures increased and changes became 
necessary to lighten the load on the slide valves, the next 
distinctive improvement being the development of so- 
called “balanced valves.” The 1870 annual report of the 
Master Mechanics’ Association gives 12 different forms 
of balanced and anti-friction valves. In the same year 
an improved balancing arrangement was patented by 
G. F. Morse and in 1880 this was further improved by 
George Richardson, greatly increasing its efficiency and 
winning popular approval. In 1893 the “Wilson Ameri- 
can Balanced Valves” came into existence. These two 
practically covered the field. 
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The piston valve was first successfully used in the late 
eighties of the last century on some 2-4-0 type express 
passenger locomotives of the French State Railway. In 
America in the nineties it was used in the development 
of the compound locomotive. The introduction of the 
use of superheated steam at the closure of the nineteenth 
century, causing distortion and cutting of seats with the 
slide valve, quickly extended its use on new power and 
the substitution on many of the older types by the de- 
velopment of a universal steam chest. This valve con- 
tinues to be accepted quite generally as the standard for 
the conventional locomotive of today. 

The poppet valve, attempted by Watt, was first intro- 
duced on a commercial scale in the railroad field in 1923 
on the Austrian Federal Railways. 

Among their claimed advantages are: 


1—It remains steam-tight over longer periods of service 

2—Decreased wire drawing losses due to considerably in- 
creased steam-admission areas 

3—Lower back pressure, as the exhaust takes place with 
greater facility due to improved passages 

4—With higher pressures it permits the possibility of earlier 
and more economical rates of cut-offs 

5—Decreased power necessary for operation due to decreased 
friction losses and lower lubrication factor 


6—Possibilities of decrease of cylinder clearance volume 

Their service in America has been distinctly limited 
and reference thereto will be made later. 

In about 1849 Thomas Rogers applied for actual serv- 
ice the first link valve motion in this country, but its use 
was limited to a few locomotives. Until the year 1856 
most of the Baldwin constructed locomotives had valve 
gears of other than the link type, but subsequent thereto 
this became the adopted gear for locomotives built at 
these works and quite generally in America. 

The Walschaert gear was invented by the Belgian 
engineer, Egide Walschaert, in 1844. 

The first outstanding application in the United States 
was that made by L. F. Loree in 1903 to the Baltimore 
& Ohio mallets. The success of this was such that its 
use rapidly followed in the United States. In 1908 the 
valve gear then known as the Baker-Pilliod was first 
applied to a locomotive on the Toledo, St. Louis & 
Western. This was further developed and subsequently 
superseded by the Baker valve gear patented in 1911, 
which is now in use on about 13,000 locomotives. 

The poppet valve, if of the oscillating type, may be 
actuated by either the Walschaert or Baker gear; if of 
the rotating, by a gear box attached to the main driving 
shaft or connected to the main crank pin, an application 
of which may be examined at the Century of Progress 
Exposition, on the Delaware & Hudson locomotive “L. 
F. Loree.” 

While the generally-accepted practice for locomotives 
in the United States today is the piston valve with either 
the Walschaert or Baker gear, the question presents 
itself, what of the future? 

In 1926, an oscillating-type poppet valve, actuated 
by a Walschaert gear, was applied to a Consolidation 
freight locomotive on the Delaware & Hudson to de- 
termine whether or not such was practical under Ameri- 
can operating conditions. The superintendent of motive 
power was not optimistic as to its probable serviceability. 
In this he was happily disappointed. In 1927 he visited 
Europe, contacting in Italy Mr. Caprotti and in Austria 
the Lentz representatives. At the roundhouse in Flor- 
ence, having access to the records, a check of three 
months’ service of coal consumption, 15 piston versus 
12 Caprotti, developed a finding of 9+ per cent favor- 
able to the poppet locomotives. Riding between Florence 
and Rome, it was observed at 5-per cent cut-off, a free 


July 1, 1933 


running locomotive was had. In Italy and in Austria 
encouraging service mileage figures were given from 
both the Lentz and Caprotti applications. 

Returning to America, in 1929, there was designed by 
the motive-power department of the road and constructed 
at its Colonie shops, for the Albany-Montreal service, a 
Pacific-type, piston-valve locomotive with lowered center 
of gravity, accessories located with this thought in mind, 
and gadgets concealed. This locomotive is now having 
its first general overhauling with a mileage of 307,500 
to its credit. 

In 1930 a sister locomotive with oscillating poppet 
valves was built for comparative purposes and exhibited 
at the Atlantic City convention of the American Rail- 
way Association, Mechanical Division, in 1930. This 
locomotive has now to its credit 220,000 plus miles. 
Barring accident, its probable mileage before general 
overhauling will not be much different than that of the 
piston. When first placed in service, the speed factor 
was satisfactory, but the locomotive was seriously de- 
ficient in power. Accordingly, the intake valve was in- 





A Modern Locomotive Valve and Gear Arrangement 


creased from 7 to 7% in.; the exhaust valve, from 7™% 
to 8% in.; and the lift of the intake valve increased 
from 34 in. to 1%¢ in., while that of the exhaust valve, 
% in. was not changed. The cylinders are 22 in. in 
diameter. 

There is now very little to choose from between the 
two locomotives with reference to power and speed. 
Very careful tests were made over a period of 30 days 
each in passenger service with varying loads and the re- 
sults had were somewhat favorable to the piston valve. 
As this was contrary to the theoretical possibilities, an 
exhaustive analysis was made developing the need of a 
reduction in the per cent of clearance volume and an im- 
provement in the steam passages. This will be done 
when the locomotive is shopped and it is the judgment 
of the superintendent of motive power, such will change 
over the rating of the two locomotives. The service 
reliability and availability of the two locomotives are 
very good. A higher rate of craftsmanship is necessary 
with the poppet valve. 

In the past decade, material increases have been made 
in the boiler pressures and steam temperatures of the 
normal locomotive. The full possibilities of the con- 
ventional boiler have not yet been attempted in the 
United States, our thought being that this rests some- 
where between 350 to 360 Ib. In Germany experiments 
are being made with approximately 350 Ib. With the 


demands for higher speed in passenger service, and the 
possible need of a more active steam, probably higher 
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temperatures, with the present material somewhere 
around 850 deg. F., will receive consideration. 

With the piston valve and Walschaert, or Baker com- 
bination, considering the foregoing, we are confronted 
with the economical use of the expansive qualities of 
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the steam. Remembering the five-per-cent cut-off opera- 
tion in Italy, it seems logical we are approaching the 
day in the United States when more serious consideration 
must be given to the development of the poppet valve 
with its possibilities to meet these conditions. 


Locomotive Accessories 


By C. H. Bilty, 
Mechanical Engireer, Chicago, Milwaukee, St. Paul & Pacific 


Recently there have been numerous attacks upon the 
railroads for lack of research. It is evident that most of 
the criticism is based upon a misunderstanding of the 
facts. The critics fail to recognize, or have overlooked, 
the fact that any consideration of research applied to 
railroad problems must include the research conducted 
by industries that supply equipment to the railroads. 

For many years the aim of the designer has been to 
produce a locomotive that in every sense of the word 
could be called a power plant on wheels. Great strides 
have been made toward that goal. The best locomotives 
of today are not only far more powerful than those of 
20 years ago, but the development and research in recent 
years have also been responsible for a very great in- 
crease in their efficiency. Today, a pound of coal pro- 
duces from two to three times as much power in a loco- 
motive as it did 20 years ago and the end is not yet in 
sight. However, few people seem to realize that the 
accessories indispensable to good central station practice 
are not easily applicable to the locomotive. 

Without exception, every attempt to adapt an im- 
portant power plant accessory to locomotive service has 
disclosed the fact that immediate application in the orig- 
inal form was impossible and that complete redesign 
was necessary to meet the severe requirements of loco- 
motive restrictions and service. In many cases the re- 
designed accessory retains no more than the fundamental 
idea of its stationary-plant prototype. Diligent effort, 
research, and continued -experiment have been required 
to accomplish the transition. 

Among the outstanding examples of locomotive ac- 
cessories which have followed stationary plant ideas are 
the superheater, the brick arch, the feedwater heater, 
the centrifugal boiler feed pump, the stoker, the me- 
chanical lubricator, and restricted maximum cut-off. [In 
all of these instances it was necessary to completely alter 
the original design in order to adapt them to the loco- 
motive. 

In the locomotive we find numerous appliances which 
have no counterpart in central station.practice, but which 
have been found necessary for economical operation. 
Among such devices, the introduction of which on the 
railway was entirely due to research, may be mentioned 
safety drawbars, radial buffers, automatic wedges, front- 
end throttles, four-wheel trailer trucks, tandem rod drive, 
boosters, and auxiliary locomotives, train control and cab 
signals, automatic bell ringers and whistle blowers, 
power reverse gears, syphons, superdraft, cut-off con- 
trol indicators, back pressure indicators, drifting valves, 
and other kindred accessories. 

If we were to attempt to group the various accessories 
under the headings of economy, capacity and safety de- 
vices it would be impossible in many cases accurately to 
make such a grouping for the reason that a device that 
Was originally intended as a safety device might well 
have developed into a device producing increased econo- 
my or capacity, or vice versa. In addition to the economy 


resulting from fuel saving many of these accessories 
make possible greatly reduced maintenance costs. The 
syphon, which was originally conceived as a capacity 
increaser and a fuel saver, is also a safety device. Other 
accessories in this same category are the automatic fire 
door and power reverse gear. The locomotive booster 
was originally conceived as being a capacity increaser 
for the locomotive. Its original conception was for 
starting the train. Today, under existing operating con- 
ditions it has become an important economy device. 


The Functions of the Railroad and the Manufacturer 


Critics may ask why the railroads themselves do not 
create, experiment with and develop all accessories for 
locomotives. The answer is obvious. The railroad’s 
principal object is to sell transportation. It has no in- 
terest in commercial activities relative to the development 
of the locomotive and its parts. Speaking generally, the 
railroads are in a better position to profit from the re- 
search and knowledge of the equipment companies where 
progress is often keenly stimulated by competition and 
where some of the best engineers of the country are 
engaged to conduct research and development. 

The history of the research connected with the de- 
velopment of locomotive accessories indicates two fun- 
damentals. First, many of the improvements have had 
their birth, not on the railroad, but among men who 
have a wide knowledge of railway requirements and who 
recognize the possibilities from such improvements. 
Second, those ideas that have had birth on the railroad 
are generally acquired by an industry that is in a better 
position to develop them than the railways themselves. 
Independent effort on the part of the railroads would 
involve needless duplication and unnecessary expense. 
Of course, with problems such as were involved in the 
draft gear and air-brake equipment the American Rail- 
way Association, representing all the railroads, has 
sponsored the research work that has been necessary. 

An illuminating example of the co-operation between 
the railroads and the equipment industries is to be had 
in the story of the development of the locomotive booster. 
This device is used as an illustration as the inventor has 
received distinguished honors for his contribution by no 
less a scientific body than the Franklin Institute of the 
State of Pennsylvania for the promotion of the mechanic 
arts. 


A Typical Case 


The original conception of the invention was to utilize 
some of the unused dead weight of the locomotive to 
provide additional drawbar pull. This device was of 
such a character that it could only be developed by the 
co-operation of- the railroads since service tests were 
the only thing that could demonstrate its success or 
failure. The early applications demonstrated the sound- 
ness of the principle. Development up to this point 


‘was of great importance, but considerable further de- 
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velopment was necessary to bring the booster to its 
present stage of efficiency. 

The history of other accessories is very similar. The 
policy is the same as pursued by other great industries, 
such as the power industry, or, for that matter, the 
manufacturing industry. Tools with which these in- 


dustries carry on their business are seldom conceived, 
developed, manufactured and marketed by the industry. 
Here, as on the railroads, the success of a new device or 
accessory is dependent upon the co-operation between 
the user and the manufacturer in the various stages of 
development. 


A\nti-Friction Bearings in Railway Service 
By J. R. Jackson, 


Engineer of Tests, 


Roller bearings have now been used successfully for 
more than 12 years on the journals of railway equip- 
ment. From 1921 to 1925-6, the experimental work of 
testing bearings for reliability and the determination 
of service life was carried out quietly and with little 
publicity. Most of the applications in service during 
this period were on passenger cars. In 1926 several 
of our large systems put into effect equipment programs 
which called for substantial numbers of passenger-train 
cars to be built on anti-friction bearings. These cars 
were of all types which operate in passenger trains and 
represented a step in the modernization of rolling stock. 

The economies which are to be expected from anti- 
friction bearings were reasonably well established over 
the 12 years in which equipment has been in service. 
Some of the bearings have operated more than one 
million one hundred thousand miles. The reliability 
in service, reduced starting resistance and freedom from 
attention for lubrication or other forms of maintenance 
are well known. Very little new equipment for pas- 
senger trains has been built during the last several 
years and, hence, the further use of anti-friction bear- 
ings for this purpose has been somewhat curtailed. They 
have been used on a majority of the special equipment 
such as motor rail cars, trailers, etc., which have been 
built, and unquestionably they will find a very extended 
use in the light-weight high-speed type of car which is 
now attracting considerable attention from railway me- 
chanical men. 


Roller Bearings on Locomotives 


The latest and most important developments in the 
anti-friction journal bearing field have been on loco- 
motives. For a number of years anti-friction bearing 
journals have been in service on supplementary power, 
such as auxiliary locomotives and locomotive boosters. 
However, most of the locomotive development may be 
dated from 1927 when the first anti-friction-bearing 
equipped engine trucks were placed in high-speed pas- 
senger service. Their extended use at what was former- 
ly a very troublesome point on a locomotive is in keeping 
with the necessity of making the modern engine a better 
machine mechanically and of helping it to meet the 
present-day requirements of high-speed, long locomotive 
runs and a high factor of availability for power. 

As a result of the engine-truck-bearing performance, 
the extension of the use of anti-friction bearings to 
tender and trailer-truck journals naturally followed. In 
1930 the first applications to driving journals were made. 
During the summer of that year one experimental loco- 
motive of the 4-8-4 type, having roller bearings on all 
journals, was built and placed in service. During the 
same period the main driving axle of a Consolidation 
type locomotive on the Delaware & Hudson was similarly 
equipped. These driving-box applications have shown a 
performance which warranted others being made, and 


Missouri Pacific 


since 1930 anti-friction-bearing driving journals have 
been applied to locomotives on the New York Central, 
the Delaware & Hudson, the Pennsylvania and the 
Delaware, Lackawanna & Western. Some of these 
engines have operated for more than 200,000 miles with 
satisfactory bearing performance and without the neces- 
sity of replacement of any parts. Freedom from box 
pound, the elimination of the wedge, reliability and in- 
frequency of lubrication have all helped to make these 
applications attractive and valuable to the operating and 
maintenance man. 

In the field of heavy electric traction, anti-friction 
bearings have also found an extensive use within the 
last four or five years. With geared drive the applica- 
tion of these bearings to electric locomotive journals does 
not present a particularly difficult problem in the light 
of the developments which have already been carried 
out. The use of these bearings enables the designer to 
save some badly needed space. Twin motors, develop- 
ing a rated horsepower of 1,250 per driving axle and 
operating at maximum speeds of 1,250 r.p.m., are now 
being used in fast passenger service. On some of the 
lighter equipment speeds as high as 2,100 r.p.m. are 
being used. Back of this substantial achievement is a 
history of world-wide scientific study and research over 
a period of approximately 35 years. 

Indirectly, the results obtained through the application 
of anti-friction bearings to railway equipment have 
stimulated research in the whole field of locomotive and 
car-journal performance, particularly in the study of 
lubrication and its relationship to frictional resistance 
and service operation. Practices, which for years past 





Roller-Bearing-Equipped Axle for High-Speed, Heavy-Duty Electric 
Passenger Locomotive 
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The First Locomotive with a Complete Installation of Roller Bearings on All Axles 


have been considered as standards, are being critically 
analyzed and information is being developed covering 
modifications in the details of the design of the bearing 
and the journal box and the kind and method of lubrica- 
tion which hold promise of considerably improving the 


operation and service life of friction bearings. These, 
because of their relatively low first cost and generally 
reliable service performance, will continue to be used on 
some classes of railway equipment for some years to 
come. 


Railroad Equipment of High Tensile Steel 


By Edward G. Budd, 
President, Edward G. Budd Manufacturing Company 


Some years ago an alloy of iron-chromium-nickel was 
produced by the Krupp Company and widely introduced 
as being stainless, first in cutlery and then for orna- 
mental purposes. It is possible that our company was 
the first to recognize the great value of this material 
for structural purposes. It has a normal strength, when 
annealed, of approximately 100,000 Ib., and when cold 
worked by rolling into sheets or strips reaches an 
ultimate strength of 150,000 to 250,000 Ib. per sq. in. 
When rolled up to 150,000 Ib., it retains a ductility 
equal to or superior to mild steel. It can be drawn or 
formed in acute shapes and, after forming, requires no 
heat treating. This makes possible its fabrication into 
some shapes which give a very complete utilization of 
the strength of the metal. 

We first used this material in the manufacture of 
airplane parts, and our company has licensed the lead- 
ing airplane builders of France and Italy. 

It became necessary to develop a method of uniting 
these sections other than by riveting and, since con- 
ventional welding procedures destroy the stainless and 
other characteristics of the material, there has been 
developed within our company a process known as 
“Shotweld”-ing. By this process high tensile steel may 
be welded together with an efficiency and degree of 
reliability never attained or attempted by riveted con- 
struction. 

The possibilities of the use of this material were 
explained to some of our friends who are the heads 
of railway organizations, and we found them again 
quick to recognize the value and with the courage to 
purchase the product in the face of bad business con- 
ditions. We have running now three cars built of this 
metal. Two more are about completed and we have 
in process some larger and more powerfully equipped 
units. 


The use of a superior metal calls for an advance in 
design technique if any economy of cost or weight is to 
be realized. Many of our engineers are aircraft trained 
and one benefit of that school is an appreciation of the 
structural importance of each member. To them a roof 
becomes no longer a thing to keep the weather out, but 
a potential beam ; the floor combines several useful pur- 
poses aside from being a necessary convenience. 
Strangely enough, when these members are figured to 
perform certain structural functions, they become much 
lighter than in conventional practice. 

Light weight is not to be attained by attention to 
structure alone. The urge to reduce poundage must be 
carried into every appointment and fixture. It is surpris- 
ing what can be accomplished when that urge is suffi- 
cient. More comfortable seats are to be had at 54 Ib. 
than have obtained with the customary ones at three 
times that weight. 

As a matter of comparison, we have completed one 
coach capable of seating 76 passengers, with two toilet 
rooms, observation end, having a total weight empty of 
24.000 Ib., including the trucks with the rubber-tired 
wheels. A coach made for this service of metals here- 
tofore available will weigh 120,000 lb. The strength of 
our coach is such as to give protection to the passenger 
fully equal to that of the standard coach. 

This question of safety bears a very definite relation 
of weight to strength. Weight defeats its own purpose 
by increasing the force of the blow it is supposed to 
resist. When we, therefore. are able to reduce weight 
without sacrifice of strength, and added safety factor 
resu.ts. Not only have our cars been very materially 
reduced in weight, but the strength proportioned to that 
weight also has been greatly increased over conventional 
practice. For instance. where the postal authorities re- 
quire a front-end stressing of 50,000 Ib. fer a 125,000-b. 
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train unit, we actually build in a front structure capable 
of sustaining a thrust of 150,000 lb. on a train unit of 
only 80,000 Ib. This gives a factor of safety exactly 
five times greater than that specified. 

The layman should bear in mind that this development 
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would have been impossible of accomplishment two years 
earlier, because many arts have contributed to the manu- 
facture and these arts had not been developed to such a 
stage as to make the accomplishment possible at an 
earlier time. 


Car and: Locomotive Materials 


By Lawford H. Fry, 
Railway Engineer, Edgewater Steel Company 


Some of our mechanical brethren who have not 
specialized in railroad engineering point in reproach to 
the fact that the fundamental design of the locomotive 
has not changed since George Stephenson’s day. That 
is true, but faith in that fundamental design is supported 
by the results of a large body of research. Much of 
this research is represented by road tests. A great deal 
of it comes from the important tests made by the Penn- 
sylvania on its locomotive testing plant. All of it 
shows that George Stephenson’s arrangement of a fire- 
tube boiler with cylinders exhausting up the stack pro- 
vides a combination of steam producer and prime mover 
which is marvelously well adapted to railroad service. 

The difficulties of the designer’s task may be shown 
by the following statement. A modern locomotive 
must have a boiler which will furnish approximately 
70,000 Ib. of steam per hour. The engine using this 
steam must develop about 4,000 hp. Boiler and engine 
must be carried on a vehicle capable of traveling at 
80 m.p.h. The total weight will be about 200 tons and 
if the locomotive is carried on 16 wheels, as is likely 
to be the case, the total area of contact between wheel 
and rail will be only about 7 sq. in. 

The first essential of any material to be used in loco- 
motive construction is that it shall be reliable. With 
reliability assured, strength is required so that the dead 
weight may be reduced to a minimum. Finally, a ma- 
terial which is otherwise satisfactory must be available 
at a cost which makes its use economically justifiable. 


Boiler Steels 


The standard boiler steel 30 years ago was a mild 
steel with a tensile strength of 55,000 to 65,000 lb. per 
sq. in. With the rise in steam pressures and increase 
in size it is natural to look for a stronger material, but 
such material must not require a radical change in fab- 
rication methods. A step forward was made by the 
Canadian Pacific in 1926 when a higher tensile steel 
was tried. This was a 2 to 3 per cent nickel steel with 
a tensile strength of about 78,000 lb. per sq. in. and 
sufficient ductility to permit of the usual forming opera- 
tions. A year or two later the Canadian National put 
into service some locomotive boilers of carbon silicon 
steel of approximately the same strength. 

Both of these steels result from a large amount of 
research work done by the steel manufacturers and, in 
the case of the nickel steel, by the International Nickel 
Company. The production of steels of this character 
is not merely a matter of dropping a shot of alloy into 
a melt of low-carbon steel. Careful study of ingot 
practice and rolling-mill operations is involved. 


Steel-Casting Alloys 


Some five hundred locomotives are now equipped with 
nickel steel and about one hundred fifty with the silicon- 
steel boilers. Very satisfactory results are reported. 


It seems inevitable that the use of high-tensile boiler 


steel will increase. In fact, rumors from the research 
laboratories predict a new steel, marking a still further 
advance in this direction. 

Twenty years ago the majority of steel castings used 
in locomotive and car construction were of annealed 
carbon steel, with an average tensile strength of about 
72,000 lb. per sq. in., and moderate ductility. If only 
the larger castings, such as driving-wheel centers and 
frames, are considered, it will be found that at the 
present time at least four improved types of casting 
steel are being used. Quenched and tempered carbon 
steel with about 0.45 per cent carbon gives a tensile 
strength of about 90,000 lb. per sq. in. The so-called 
Hylastic steel brought out by the American Steel 
Foundries some years ago gives, when normalized and 
tempered, a tensile strength of about 100,000 lb. per 
sq. in. ‘This steel has about 0.35 per cent carbon and 
owes its strength to its manganese content of about 
1.5 per cent. Two alloy steels which have met with 
considerable success in large castings are a carbon- 
vanadium and a carbon-nickel. With a double anneal 
or with a normalizing and tempering treatment the 
carbon-vanadium steel will have about 87,000 lb. per 
sq. in. tensile strength and the carbon-nickel about 80,- 
000 Ib. per sq. in. The yield strength will be about 
49,000 Ib. per sq. in. for both and both develop high 
ductility which is considered particularly essential for 
locomotive frames. 

The successful introduction of these cast steels into 
railroad service represents much pioneering research on 
the part of the manufacturers of steel castings, together 
with co-operative study on the part of the railroad 
engineers. 


Forgings and Bearing Metals 


Twenty years ago the Pennsylvania pioneered in the 
use of quenched and tempered carbon-steel forgings. 
Common practice at that time was to use annealed 
carbon steel. Satisfactory practice for the production 
of quenched and tempered axles and crank pins were 
developed and are still standard on the Pennsylvania. 
Heat treatment also has enabled this railroad to develop 
exceptionally light parts for the valve motion. 

Other railroads experimented with alloy steels 
quenched and tempered to produce a high tensile 
strength, but forgings of this type have not found wide 
acceptance in railroad service. In the case of crank pins 
or axles these steels are handicapped by the fact that 
mechanical injury of the bearing surface by scoring or 
overheating brings about a sharp reduction in the total 
strength of the part. Designers have hesitated to take 
advantage of the higher tensile strength to reduce the 
section of the forgings. 

Much progress has been made by the introduction 
of steels which can he used in the normalized and 
tempered condition. Improvement in the methods of 


(Continued on page 54) 
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Fixed Properties Keep Abreast of the 
March of Progress 


Railway tracks, bridges, buildings, terminals and water supply are 
being constantly rebuilt as experience and research 
show the way for improvements 


XCEPT for the fact that track still consists of rails 
F and cross ties, there is little about the roadway, 

structures and other fixed properties of the railways 
today that presents more than a bare resemblance to 
their counterparts of the early decades of the railway 
era. These essential elements of the railway property 
have been subjected to constant change, in part as an 
important phase of the program for the movement of 
traffic in larger units at higher speeds, but largely be- 
cause of the urge to effect economies. It is a char- 
acteristic of the officers of roadway and structures that 


they have been critical of existing standards of con- 
struction. They have been constantly on the alert to 
introduce improvements. Whether these have been the 
results of trial and error, inventive genius or true re- 
search was not their concern—they were after results 
and got them. Because of the ramifications of these 
improvements, which have affected every conceivable 
phase of construction and maintenance of way, the sub- 
ject is one of broad scope. For this reason it has been 
thought best to review it under six separate headings 
in the following pages: 


Modern Track a Product of Research 


It is a far cry from the cast iron plates of Colebrook 
Dale or from the iron straps spiked on wooden stringers 
to the 152-lb. T-rail now in use on the Pennsylvania, but 
between them lies more than a century of persistent and 
untiring research on the part of individuals, the railways 
and manufacturers. As great a span in both time and 
efficiency separates the original designs and materials 
for rail fastenings and those in common use today, while 
no less effort and research are represented in their de- 
velopment. Similar contrasts are observed when we 
compare the stone sleeper of the first railways or the 
pole tie that was cut along the track with the carefully 
selected, scientifically seasoned and thoroughly treated 
crosstie of the present, which is adequately protected 
against decay and mechanical destruction. 

No greater distance of either time or design separates 
the foregoing elements of the track from their proto- 
types than is found in the present and original designs 
for switches, frogs and crossings. For proof of this 
statement, it is only necessary to compare the tongue 
switch, first used with cast-iron rail and later with both 
the strap iron and edge rails, or the later stub switch, 
with those of modern design. Similar evidence, no 
less startling, of the advance that has been made in de- 
sign and materials is provided by a comparison of the 
original cast iron frog, or the pivoted rail, and crossings 
of the same material, with modern construction of man- 
ganese steel of either solid or insert design, which is 
capable of withstanding the impact of the heaviest loco- 
motives at high speeds. 


First Recorded Research in Transportation 


Few would be inclined to connect romance and rail; 
yet the story of its development contains all of the ele- 
ments of romance. First, a longitudinal wooden 
stringer, then a flanged cast-iron plate; the next develop- 
ment, important only as a step in its evolution, was an 
Oval section. The first two forms were used with flat- 
tired wagon wheels, while the latter required a double- 
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flanged, grooved wheel, similar to a pulley. This was 
afterwards improved by making the wearing surface of 
the rail and the tread of the wheel flat. 

William Jessop, an English engineer of ability, made 
the next and probably the most important step ever taken 
in track construction. In 1789, 15 years before the first 
locomotive was used in transportation, and 36 years 
before the first common carrier was built, he made an 
intensive study of the existing types of track. Taking 
his cue from the “edge” rail and double-flanged wheels, 
he abandoned the flat wheels and flanged rails and re- 
versed the arrangement by using flat-topped rails and 
wheels with flanges cast on the tires. Jessop’s decision 
had the most profound effect on the whole after course 
of transportation, since by putting the guide on the 
wheel instead of the rail, he made modern railway de- 
velopment possible. 

His rails were cast iron bars of the fishbelly pattern, 
3 ft. long, which were supported at the ends by cross 
sleepers to which they were fastened by means of iron 
pins or bolts which passed through a projecting base. 
The ease with which these projections broke off, leaving 
the rail with no lateral support, led to the introduction 
of the chair and finally to the bull-head rail which is 
still so largely used in England. 

It fell to the lot of an American engineer to make the 
next important step in rail development. Robert L. 
Stevens, chief engineer of the newly-organized Camden 
& Amboy, now a part of the Pennsylvania, recognizing 
the imperfections of the strap rail, which was used so 
largely on early American roads owing to the high price 
of imported iron and the scarcity of iron workers in this 
country, set about to design an improved rail. Realiz- 
ing that because of this scarcity of metal workers, any 
design that required a chair would be impracticable, he 
made an intensive study of other possibilities. Taking 
the Birkinshaw rail, then popular in England, as his 
starting point, in 1830, he designed a T-rail having a 
wide base which, with only slight modification, except 
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as to weight, has since been the standard section on 
American railways. 

The next and most important step after Jessop’s 
studies in the development of rail came with the intro- 
duction of the Bessemer process of making steel and 
the casting of 500 tons of steel rails for the London & 
Northwestern in England in 1862. Axle loads and train 
speeds had increased greatly since Stevens designed his 
rail section. Under these loads even the heaviest sec- 
tions of iron rail deteriorated rapidly and had put a 
limit on further development in the size of locomotives 
and cars and in train speeds. The importance of the 
introduction of steel into the manufacture of rails lies, 
therefore, in the fact that it permitted a continuation of 
the development in the size of locomotives and cars and 
of train speeds. This, in turn, has enabled the railways 
to develop economies in transportation and improve- 
ments in service without which it is questionable whether 
they could have survived. 

Notable as this advance was, it cured only a few of 
the many evils connected with the manufacture and use 
of rail. While axle loads and train speeds continued to 
increase, the weight of the rail remained practically sta- 
tionary. The processes of manufacture were crude and 
much of the rail that was turned out was so badly kinked 
as to be unfit for use. In addition, the multiplicity of 
rail sections added to the confusion and chaos of the 
period, which resulted in part from the rapid expansion 
of the railways, but in larger measure from the lack of 
co-ordination of the efforts that were being made to im- 
prove conditions. 


A Distinct Step Forward 


Recognizing the necessity for an intensive study of 
the whole rail situation and despite a lack of technical 
training among its membership, the newly-organized 
Roadmasters’ Association of America undertook a 
thorough investigation of rail sections, and in 1887 
brought in a report which included designs of sections 
from 60 to 100 lb. and an earnest plea for a limited num- 
ber of standardized sections. Eventually broadened to 
include the reasons and practicable remedies for the 
wide variation in the hardness and wearing qualities of 
the rail that was being furnished by the manufacturers, 
these studies were continued until 1897, when it became 
evident that more technical knowledge was needed to 
extend the investigation and carry it to a conclusion than 
was available within the association. 

In this year it requested the American Society of Civil 
Engineers, the only society then possessing the requisite 
scientific ability, to continue the research and carry it to 
a conclusion. The A.S.C.E. accepted the responsibility, 
and the research it undertook and completed in its effort 
to find the most efficient section forms an outstanding 
chapter in rail development. The sections which it de- 
signed were adopted and remained as standard on many 
of the roads of the country for a long period; in fact, 





A Forerunner of Modern Track—Strap Iron Rail on Longitudinal 
Stringers 
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after more than 30 years some of these sections are still 
in current use. 

While the studies made by the Roadmasters’ Asso- 
ciation did not in themselves definitely solve any of the 
problems which were causing so much trouble and 
anxiety, they hold a place of high importance in the 
story of railway research, since they were the first co- 
operative studies ever made of a railway engineering sub- 
ject and thus pointed the way for the modern trend in 
co-operative research. Furthermore, they focused atten- 
tion on the importance of improving rail designs and 
the necessity for a better knowledge of the metallurgy of 
rail, as well as the need for better manufacturing prac- 
tices. Again, the exhaustive methods employed by the 
A.S.C.E. showed how important the results of co-opera- 
tive research could be. 


American Railway Engineering Association Enters Field 


About this time another factor in the conduct of re- 
search arose in the railway engineering field which has 
since exerted a wide and powerful influence. This was 
the organization, in 1900, of the American Railway En- 
gineering Association which, through the medium of 
permanent committees, is continually engaged in research 
covering a wide range of engineering and transportation 
problems. This work is being done so quietly, yet with 
a thoroughness and regard for scientific accuracy that 
have bred a high respect for the findings of the asso- 
ciation, that few laymen or engineers outside of the rail- 
way field know anything about it and even many railway 
officers do not realize either its scope or value, although 
the reports of and conclusions derived from these ac- 
tivities are readily available. 

Outstanding among these committees, in both the vol- 
ume and the value of the work it has done or now has 
under way, is that of the Committee on Rail, which as 
its name indicates is interested primarily in studying to 
improve the manufacture and conditions of use of rail, 
although its assignments also include studies of rail fas- 
tenings. Since this committee was organized, it has pur- 
sued its studies aggressively and with due regard for the 
scientific principles involved. No year has passed that 
it has not contributed information of value and the list 
of its accomplishments in this field is too large for in- 
clusion here. A number of things that stand out in 
bold relief, however, should be mentioned. 

By 1904, another cycle in the relation between axle 
loads and rail had been completed and the need for a 
stronger and harder rail was met by the introduction of 
open-hearth steel having a high carbon content, for rail 
manufacture. By 1911, the amount of open-hearth rail 
rolled had passed that of Bessemer rail and today the 
latter is practically negligible. With the introduction of 
open-hearth rail, however, a new danger arose which, in 
1911, was designated as the transverse fissure. 

Nothing was known about the transverse fissure at 
the beginning, except that the rail broke suddenly with 
no previous warning and that a part of the fractured 
surface was smooth and of a silver-like luster. From 
the time of its identification, the number of rails detected 
with this defect has increased rapidly until at present 
rails are failing from this cause at the rate of about 
7,500 a year. Obviously, it was desirable to find some 
means whereby transverse fissures could be detected in 
rails before breakage occurred. Supported by the Ameri- 
can Railway Association, the Rail committee of the 
A.R.E.A. set about to find some means whereby this 
could be done. Intensive studies were made with no 
apparent success. In the meantime, a number of inde- 
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pendent investigators had been endeavoring to perfect 
equipment for this purpose. 


One of the Spectacular Successes of Research 


Eventually each of these devices was examined and 
put under test to determine its suitability for service. 
Not one was found to be adapted for the purpose for 
which it was designed. The committee then took what 
later proved to be a most important step and one which 
had results as spectacular as any that have grown out of 
railway research. Still supported by the A.R.A., the 
committee approached the late Elmer A. Sperry, eminent 
scientist, with a suggestion that it finance a program of 
research by him, the objective of which was the perfec- 
tion of a dependable device for the detection of fissures, 
which would also be practicable from the standpoint of 
field service. The results met the expectations of the 
most sanguine, for the transverse fissure detector has 
demonstrated in service that it not only finds and records 
fissures, even in the incipient stages, but it does the same 
for numerous other defects, some of which are also hid- 
den. Furthermore, it differentiates rather sharply be- 
tween fissures of large, medium and small size or im- 
portance. As a result of this outstanding example of 
research, transverse fissures have ceased to be the night- 
mare to maintenance officers that they were formerly. 

Settling the question of safety was only one phase of 
the problem, however, since the economic loss by reason 
of removing the defective rails from service has run into 
large sums annually. This will be better appreciated 
when it is understood that since 1919 a sufficient number 
of rails to lay more than 200 miles of track have been 
removed from service because of transverse fissures, and 
that at present a sufficient number of rails are being re- 
moved annually to lay 25 miles of track. Growing out 
of this entire situation, the railways and the manufac- 
turers have undertaken to finance jointly an unusually 
ambitious program of research to extend over five years 
in an effort to determine the cause of transverse fissures 
and what measures are necessary to avoid them. This 
investigation, which is already under way, will be car- 
ried out in the laboratory as well as under normal service 
conditions in the field. For this purpose, the railways 
and the manufacturers have jointly appropriated $250,- 
000 which is being expended at the rate of $50,000 a 
year. Although the investigation is only beginning, a 
large amount of collateral information has already been 
collected, most of which would not have been obtained 
except for the investigation. 

No history of rail development would be complete 
without mentioning the growth in weight. There is 
little information as to the weight of the earliest rails. 
Steven’s T-rail was designed to weigh 36 lb. to the yard. 
This was increased gradually to around 45 or 50 Ib. at 
the time the first steel rails were rolled in this country. 
Weights increased slowly, and in 1892 when both the 
New York Central and the Pennsylvania adopted 100-Ib. 
sections, 75 lb. was the common maximum with 60 and 
even 50-lb. rail in common use. With the change to 
open-hearth rail, the weight has increased somewhat 
more rapidly, until at present the Pennsylvania, one of 
the foremost exponents of heavy rail, is using a 152-lb. 
section which was adopted after several years’ intensive 
study by a joint committee representing the railway and 
the manufacturers. This rail was designed to carry 
axle loads of 100,000 Ib. moving at the rate of 100 miles 
an hour. The investigation undertaken by the Kansas 
City Southern to determine the economical weight of 
rail for its traffic conditions is also an outstanding ex- 
ample of research applied to track problems. 
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Modern Track Includes Heavy Rails, Large Tie Plates, Treated Ties, 
Anti-Creepers and Deep Ballast 


Recent developments in this field include the applica- 
tion of welding to the building up of battered joints and 
to the repairing of frogs and crossings. ‘This practice 
has been developed through a number of widely separ- 
ated sources and has been given the most intensive study 
to perfect it. Still farther back is a record of long re- 
search and experimentation on the part of manufacturers 
to develop equipment and materials suitable for this type 
of work. More recently and as a corollary to welding, 
a new practice is developing—the heat treating of rail 
ends to retard batter. The Chicago, Milwaukee, St. 
Paul & Pacific, which was the first to do this, spent more 
than five years in the field and laboratory in perfecting 
its methods. Another road, the Pennsylvania, is making 
an intensive study in an effort to develop an alternate 
method, while a commercial company has perfected 
equipment to do this work on a contract basis. 


Rail Fastenings 


Early forms of rail were held to the supporting tim- 
bers by bolts or countersunk pins. No effort was made, 
however, to connect adjacent rails at their ends. The 
next development was the rail chair, and this was fol- 
lowed by a combined chair and plate to keep the rails 
in horizontal as well as vertical alinement. Because of 
its flange, the T-rail was held in place with “hook spikes” 
which do not differ essentially from those in use today. 
This method of fastening necessitated some means of 
holding the rails in alinement at their ends, and this was 
accomplished by means of a specially designed joint or 
cast-iron chair which quickly gave place to the fish plate, 
which provides the basic principle for practically all of 
the joints in common use today. 

Little improvement in rail joints was possible until 
the introduction of steel into this field. Then a flange 
was added to make the angle bar. Early angle bars 
were but little better than fish plates, but manufacturers 
and individuals devoted much energy to developing new 
designs of joint fastenings, few of which were more 
satisfactory. At the time the Roadmasters’ Association 
undertook to study rail, it also started a similar investi- 
gation with respect to rail joints. This subject was 
also referred to the A.S.C.E. along with rail, and 
became a part of the program of research that it under- 
took. 

It was found early that it was desirable to use a 
washer with the bolt through the joint. The first type 
was a fibre washer, but as it mashed out quickly it was 
superseded by the iron-clad fibre washer, which was 
still used within the memory of many maintenance offi- 
cers still in active service. All of the developments so 
far recorded were made by the railways, either directly 
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or indirectly. The next step in joint fastenings was 
the nut lock, which was almost entirely a manufacturer’s 
development. This development has been continued by 
the manufacturers until today we have the heat treated, 
high tension spring washer to keep the bolts tight, or 
the tie plate immobile with the tie. 

Early bolts were of iron, which stretched so under 
tension that tight joints were impossible. Steel bolts 
were an improvement, but they also stretched under the 
tensions that were applied in an effort to keep the joints 
tight under the heavier and heavier loads they were com- 
pelled to support. Through the efforts of manufacturers, 
bolts of high carbon or alloy steel, heat treated, are 
now available, which have a high resistance to tension 
and a minimum elongation under tensile stress. When 
used in conjunction with spring washers, modern joints 
can be kept to any desired degree of tightness. 

Going back to the angle bar. As long as the bolts 
could not be kept tight, there was little opportunity for 
improving the joint bars. Coincident with the in- 
creased strength of bolts, however, improvements in 
the design and material for joint bars were made, partly 
by the railways and partly by the manufacturers, so that 
today a maintenance engineer is able to choose between 
a wide variety of angle bars, symmetrical and unsym- 
metrical, and patented joints, including the head-free 
type, all of which are heat treated and oil quenched. 

Although tie plates were devised about 1885, in an 
effort to eliminate destruction of the ties by rail cutting, 
it was 25 years before they came into widespread use. 
While the idea originated on the railways, the develop- 
ment of tie plates has been particularly a function of 
the manufacturer. Although the original conception 
was that of a flat plate, some of the early and most 
widely used models were nearly as destructive to the 
tie as the trouble they were designed to correct. As 
treated ties began to be used extensively, the tie plate 
became an economic necessity and further intensive 
study was applied to the size and design for the purpose 
of eliminating, so far as possible, all degrees of mechan- 
ical destruction. Out of these studies have grown 
stabilized designs of heavy-shouldered plates of ample 
bearing area, with flat or slightly corrugated bottoms. 
The latest development, which is finding increasing 
favor, is a type that is fastened to the tie independent 
of the rail fastening, and is held immobile by means of 
shouldered wood screws and high-tension spring washers. 

Latest of all of the devices classed as rail fastenings 
are anti-creepers. Although the first designs were of- 
fered to the railways as a completed product, probably 
no other device has been given more intensive study to 
improve and refine the design or more careful experi- 
mentation and test in actual service. Scarcely more than 
a quarter of a century old, this device has been par- 
ticularly a manufacturer’s development from the start. 


Modern Crosstie a Product of Science 


The earliest detailed description of track construction 
is found in Jaa’s Voyages Metallurgiques, published in 
1765. At that time, wooden cross sleepers or ties were 
laid at about three-foot intervals to hold the longitudinal 
timbers in alinement. It is known from later descrip- 
tions that these ties were what are now known as pole 
ties. With the wider use of iron rails, the wooden 
sleeper was replaced by the stone foundation introduced 
by Benjamin Outram in 1800. Many of the early roads 
in this country adopted the practice from England and 
laid their rails on stone sills. This method of construc- 
tion led to serious derangement of the tracks, however, 
and it was not long before the roads of this country 
turned to the wooden crosstie. 


In many cases, pole ties for construction were cut 
from the timber felled in clearing the right of way. As 
time passed and replacements became necessary, similar 
ties were obtained almost beside the track. It was not 
long, however, before the logging which generally fol- 
lowed the construction of a new line, depleted the supply 
of timber. As a result, we find that as early as 1838 the 
railways began to study and experiment with wood pres- 
ervation as a means of prolonging the service life of 
ties. 

These investigations were never abandoned, but study 
and experimenting were continued in an effort to find 
an effective and economical treatment. The results were 
generally unsatisfactory because the development of 
materials and methods was a slow process which had to 
pause for field tests to determine whether each step was 
giving satisfactory results. The first large-scale ex- 
periment in wood preservation to be made in this 
country was undertaken by the Louisville & Nashville 
when it constructed a creosoting plant at Pascagoula, 
Miss., in 1875. This was followed shortly by a similar 
plant on the New Orleans & North Eastern for creo- 
soting the timber that was to go in the trestle it was 
building across Lake Pontchartrain, and from that time 
the practice developed somewhat more rapidly but still 
at a slow rate. Wood preservation, as it is practiced 
today, is practically a development of the railways, and 
of the last 25 years, although much of the treating is 
done in commercial plants. The effective methods in 
vogue today have resulted largely from the intensive 
studies of a relatively small group of men who have been 
able to co-ordinate laboratory studies with practical plant 
and field practices. 

Modern crossties provide an outstanding example of 
the returns which come from the exhaustive study and 
research which the railways are applying to all phases 
of construction and maintenance, since they form one 
item that can be evaluated in dollars and cents. It has 
been shown definitely that the present use of treated 
ties is already saving the railways $200,000 a day and 
that this wili gradually increase to $287,000 when all 
ties in service are treated and the average service life 
has been increased to 20 years. As a further benefit, 
which is by no means confined to the railways, through 
the line of research which has made these results pos- 
sible, principles of conservation have been established 
which are of profit to every wood-consuming industry. 


An Outstanding Example of Co-operative Research 


From the beginning, it was necessary to divert cars 
or trains from the main route. The earliest form of 
switch, known as the tongue switch, continued in use 
with all intermediate forms of rails until the T-rail was 
adopted. When the latter was substituted for the strap 
and edge rails, a change in the design of both switches 
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and frogs became necessary. The next step was the 
stub switch, which continued in use as long as the iron 
rail. With the introduction of steel into rail manufac- 
ture, it was succeeded by the split switch, the present 
form of this device. 

Frogs have passed through a larger number of stages. 
The earliest examples were of cast iron, with deep 
troughs to guide the flat-tired wagon wheels. With 
little modification, these were suitable for Jessop’s 
flanged wheels and so were continued in use. With the 
advent of the T-rail, a pivoted rail about nine feet long 
was devised as a substitute for the cast frog, but this 
gave much trouble and most roads reverted to the cast 
iron frog. As axle loads increased, these frogs became 
unable to withstand the impact and were succeeded by 
cast steel. But as loads continued to increase, the latter 
broke with about the same regularity. This was the 
situation when steel superseded iron for rail, although 
the Lewis frog, of which we have no description, seems 
to have been an improvement over the cast steel and 
was rather widely used during this period of transition. 

Simultaneously with the split switch, the all-rail frog 
appeared. The business appears to have been attractive, 
for a large number of manufacturers sprang up. The 
early forms were extremely crude and inadequate and 
while competition tended automatically to improve the 
product, it was long before any principles of design were 
developed. This was largely because every maintenance 
officer had his own ideas on construction, so that every 
one, manufacturer and user alike, was completely at 
sea as to what should be done. To add to the other dif- 
ficulties, shop work was inaccurate and generally un- 
satisfactory. Guard rails and switches suffered similar 
afflictions. 


Recognizing the intolerable situation and the necessity ~ 


for bringing order out of this confusion, the Road- 
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masters’ Association also undertook studies on this sub- 
ject, which were continued for more than a dozen years 
and were not discontinued until they were relinquished 
to the Track committee of the A. R. E. A. Nota few 
of the developments of today can be traced to the in- 
tensive work that this association did from 40 to 50 
years ago. 

Some time later, manganese steel became a factor oi 
importance in the construction of frogs and crossings 
because of its greater resistance to the impact of heavier 
wheel loads at higher speeds. To work out to their 
mutual advantage the new problems of shop procedure 
in the fabrication of this material, the manufacturers 
organized the Manganese Track Society. In order that 
each party might have a better understanding of the 
other’s problems and to insure that they will be worked 
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out to mutual advantage, for a number of years the 
Track Committee and the *~Manganese Track Society 
have been working jointly to improve both designs and 
materials for switches, frogs and crossings. 

Only those who are in closest touch with the results 
of this co-operative research are fully aware of the 
success that has attended it. But even the layman, if he 


‘cares to investigate, will soon be convinced that the 


results have been substantial and along recognized scien- 
tific lines. Such an investigation will bring into sharp 
relief the present perfection of design and manufacture 
and contrast it with the crude designs and inaccurate 
shop work of the days before the railways undertook 
a program of research or joined with the manufacturers 
in the present co-operative plan of work. 

Heretofore, we have discussed the basic elements of 
the track, following their development individually. After 
its organization, the American Railway Engineering As- 
sociation not only applied the principles of research to 
these matters more intensively and aggressively than 
before, but it instituted other investigations of the track 
as a whole and of the means whereby it can be improved. 
Prior to 1913, a large amount of such work had been 
done by individual roads, notably by the Pennsylvania, 
particularly in its studies of the effective depth of ballast 
and the test to determine the relative merits of the 
American and British forms of track construction. 

To co-ordinate these scattered efforts and make pos- 
sible a complete investigation of both the relative and 
absolute importance of every factor influencing the per- 
formance of the track, the association appointed, in 1913, 
a Special Committee on Stresses in Track under the 
chairmanship of Dr. A. N. Talbot, which is acting jointly 
with a similar committee of the American Society of 
Civil Engineers. For 20 years this committee has con- 
stantly been making detailed studies in the field under 
actual service conditions and evaluating the results. Of 
such magnitude is the task, however, that the time of 
completion is as yet indefinite. Without fear of chal- 
lenge, it can be said that the work of this committee 
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and the results it has already obtained are outstanding 
in the field of research. It is also an example of the 
persistence with which the railways pursue a line of 
research, once they embark on such a program. 


What of the Future 


From the foregoing it will be evident that develop- 
ment of the track and its component parts has passed 
through a number of well-defined cycles. There are 
indications that we now stand at the beginning of an- 
other cycle in this evolution. Evidence is not wanting 
that, more and more, railway engineers are beginning 
to think in terms of permanent track construction. An 
example is the widespread interest aroused by the perma- 
nent roadbed of reinforced concrete constructed recently 
by the Pere Marquette, which is discussed in more 
detail elsewhere in this issue. 

At the beginning of every cycle there has been a 
marked tendency to break away from settled forms and 
practices that have become more or less standardized by 
usage if not by agreement. This departure has never 
been abrupt, however, but has usually occurred so 
slowly that it is doubtful if any of those who helped to 
shape the developments of their day were able to 
foresee the ultimate result of their studies and experi- 
ments. It may be that the beginning of such a transition 
is to be found in the numerous installations of GEO track 
that have been made in the last two or three years. 
While this form of track construction represents a 
marked departure from accepted practice, it does not 
present any fundamental changes in design. Although 
it is of European origin, this does not debar American 
railways from sharing in any benefits that may accrue 
from its use. American engineers are, therefore, en- 
titled to credit for having accepted the opportunity to 
try it out and determine not only its intrinsic merits 
but also whether it points the way to new developments 
in track design. 


In this review we have merely touched on the out-- 


standing developments which have changed the trends 
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that were being followed previously, and have shown 
that none of them came by chance but through intensive 
study by individuals and groups and the ability to build 
on the experience of their predecessors. To get a com- 
plete picture of the advance that has been made in the 
design and materials for track construction, one must go 
back to the beginning and follow each development step 
by step from genesis to completion and then start on 
another cycle. To do this is not possible in the limits 
of a single article. If it were done, however, two things 
would be observed. First, that none of the so-called 
epochal events happened by chance or came about in- 
dependent of previous development. Second, that many 
modifications occurred during the period of transition 
from the older types to those that replaced them. In 
other words, with few exceptions, the transition has been 
gradual rather than abrupt, as might be understood from 
the foregoing recital. 

Moreover, it will also be found that back of each for- 
ward step is a long history of intensive study and ex- 
periment, of trial and failure, often of parallel but in- 
dependent effort on the part of several individuals, of 
ingenious design and modification, of long and often dis- 
appointing experimentation and of tedious tests in labora- 
tory and field. Since the American Railway Engineer- 
ing Association entered the field, railway research has 
more and more been put on an organized basis and much 
of the work that has been done has been directed toward 
specific ends which have been selected in advance. That 
these activities have not been without value is indicated 
by the fact that American railway engineering standards 
are accepted by the railways of many foreign countries. 

Probably in no other field of research is it so difficult 
to reproduce service conditions in the laboratory or de- 
vise accelerated tests. For these reasons, investigations 
of track materials have been slow and often dishearten- 
ing. It is a great credit, therefore, to railway engineers 
and manufacturers alike that they have carried on their 
studies so patiently and persistently, as well as with such 
notable success. 


Research and Study Have Made the Roadway 


To the layman, the railway roadway (that portion of 
the right-of-way below and beyond the bed of ballast 
carrying the track ties) is little more than a series of 
embankments and gaps through hills or ridges, but to 
the railway man, the roadway involves many factors of 
paramount importance to safe and economical railway 
operation, factors which have long been the subject of 
special study, investigation and research. The railway 





Without Continuing Progress in the Development and Application of Improved Grading Equipment Progress in Railway 


roadway, specifically, is the foundation of the railway 
track, but in its broader sense it is the foundation of all 
railway service. Without a roadway, suitably designed, 
constructed and drained, and constantly kept in condi- 
tion, there would be no such thing as present modern 
train service, in spite of all of the advances made in 
track, motive power and rolling stock construction. 
Since the beginning of the railways, railway men and 
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those who make the materials and equipment used by 
them have acted individually and in co-operation with 
each other to advance and perfect roadway standards 
and practices. Outstanding associations, including the 
American Railway Engineering Association, the Ameri- 
can Society of Civil Engineers and the American 
Society for Testing Materials, have given large attention 
to railroad roadway matters. In fact, the A. R. E. A., 
since its organization in 1900, has maintained a Com- 
mittee on Roadway, which deals solely with roadway 
problems, and the work of this committee has been 
supplemented constantly by that of other committees 
studying affiliated subjects. 

In addition, there is the Roadmasters’ and Mainte- 
nance of Way Association of America, organized as 
far back as 1883, whose considerations have been con- 
tinuously and solely those dealing with roadway and 
track maintenance. Supplementing these two major 
associations, there are a number of local clubs of rail- 
way maintenance men throughout the country which 
are constantly studying roadway and track maintenance 
problems. 


Stable Roadbeds Acquired, Not Natural 


Stability of the roadbed under the pounding action 
of heavy traffic at high speeds is of paramount import- 
ance to safe and economical railway operation. In most 
cases this is acquired, and not found naturally. Narrow 
and loosely compacted embankments of the early days, 
usually constructed of the nearest available material, 
have given way to wide embankments of carefully se- 
lected materials, thousands of miles of embankments 
having been widened in order to provide the high degree 
of roadway stability required under the constantly in- 
creasing train weights and speeds. 

Every factor entering into roadway embankment con- 
struction has been studied thoroughly by railway men. 
Year after year the Committee on Roadway of the 
A. R. E. A. has investigated and reported on proper 
filling materials, embankment shrinkage and deformation, 
unit pressures allowable on roadbeds of different ma- 
terials, proper widths of roadbed under varying condi- 
tions, etc., and, as needed, special instruments have 
been devised to aid in carrying out these studies in a 
scientific manner, all in the interest of safer, smoother 
and more economical railway operation, with a minimum 
of maintenance costs. 

This same situation is true with regard to roadway 
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cuts. The width of cuts, the angle of slopes, the shape 
and depth of side ditches, etc., have all been the subject 
of study and test. Means to prevent slides and wash- 
outs through the use of berms, ditches, pipe drains, sod- 
ding, special filling materials and special vegetation have 
been studied for years in hundreds of installations by 
railway engineering and maintenance men, and even 
slide protection fences, controlling the automatic train- 
operating signals, have been installed on miles of road- 
way to increase the safety of train operation and to 
preclude the heavy expense of numerous “‘slide”’ or “‘cut”’ 
watchmen. 

As far back as 1905, the “Manual of Recommended 
Practices for Railway Engineering and Maintenance of 
Way,” published by the American Railway Engineering 
and Maintenance of Way Association, now the 
A. R. E. A., included definite recommendations and 
principles of procedure covering many phases of road- 
way construction. These showed not alone early con- 
certed action on the part of railway men in attacking 
their roadway problems, but also, reviewed in the light 
of subsequent railway development, that there prevailed, 
even at that time, marked foresight and understanding 
of future requirements. 


Extensive Development in Construction Equipment 


The magnitude of new railway construction under 
even moderately favorable conditions must be apparent 
to everyone, but how many appreciate the changes which 
have been made in the methods employed since the early 
days of the railways when man-power, aided only by 
pick, shovel and wheelbarrow forged slowly ahead? 
How many appreciate further that if these methods had 
continued to prevail, the railway mileage in this country 
today would be only a small fraction of what it is, and 
that the development of the country itself, in almost 
every respect would have lagged with railway develop- 
ment? 

For the progress made, the railways and the country 
as a whole owe much to railway construction equipment 
builders, who gave the railways the steam shovel, the 
power-operated ditcher, the spreader, the locomotive 
crane, the dump car and many other units of heavy 
grading equipment, and who early brought this equip- 
ment to a high degree of effectiveness. Thus, shortly 
after the Pittsburgh and West Virginia awarded the 
contract for the first 1714 miles of a 38-mile single- 
track extension of its line through some of the roughest 
country in Pennsylvania between Snowden and Con- 
nellsville, 40 steam shovels, a large fleet of tractor- 
wagons, tractors, side dump cars of various capacities, 
and at least 200 motor trucks were at work, handling 
from 250,000 to 500,000 cu. yd. of excavation a month. 
This one section, which required the moving of 3,100,000 
cu. yd. of grading, 60 to 65 per cent rock, with cuts 
from 85 to 100 ft. in depth and many fills as high as 
80 and 90 ft., was completed and ready for operation 
in less than 18 months. 
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Many such examples of modern railway construction 
could be cited, but this should suffice to create a full 
appreciation of the advance made by the railways, rail- 
way contractors and railway equipment manufacturers 
in methods and means of railroad roadway construction. 
It is useless even to conjecture as to the amount of man- 
power, time and money that would have been required 
to have carried out the P. & W. Va. work under old- 
time methods, because, in all probability, under such 
conditions the work would never have been undertaken, 
or if it had, it would have been so modified in its scope 
and as regards grades, curvature and carrying capacity, 
that it would be fit only for middle-nineteenth century 
train operation: and the same could with equal truth be 
said with regard to much of the high class main-line 
mileage of the country today. 


Problem of Drainage Fought Continuously 


Few, other than railway men, realize the hazard and 
damaging effect of water on or in the roadbed and the 
extended efforts that have been put forth by the railways 
in coping with this problem. Fighting floods is a prob- 
lem of all roads to at least some extent, and in this, mil- 
lions of yards of riprap and hundreds of miles of other 
forms of bank revetments and flow retards have been 
placed. In many cases river channels have been changed 
and dams, levees, dikes, bulkheads and jetties have been 
constructed, often far from. the railway property, to af- 
ford it suitable protection. What methods to use and how 
best to apply them in the multiplicity of varying condi- 
tions arising have long occupied the attention of rail- 
way men, both singly and in association with each other. 

While some of the major efforts of the railways in 
flood protection work may occasionally be observed and 
appreciated by the public, few realize that this, after all, 
is only the more spectacular phase of roadway protec- 
tion, and that, in addition, thousands of miles of culverts 
and sub-surface drainage pipes have been installed to 
cope with the water problem. 

Surface and sub-surface drainage problems, which 
cause soft track in the warmer months and often serious 
heaving of the track in the winter with bad riding con- 
ditions, damage to the rails and joints, and excessive 
maintenance costs, have been with the railways since 
they were constructed, but in many respects they have 
grown more acute as the increased weight and speed of 
rail traffic have tended to overload the roadbed. These 
particular problems have been studied by a separate sub- 
committee of the Track committee of the A. R. E. A. con- 
tinuously since 1915, which has investigated every phase, 
including soils, soil moisture, ditching and numerous 
methods of subdraining the roadbed, assisted by numer- 
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ous individual railways and by the manufacturers of 
culvert pipe and pipe materials. 

Both in the field and in laboratories, pipe and pipe 
materials have been studied and investigated, not alone 
from the standpoint of strength to withstand the loads 
of railway equipment, but also from the standpoint of 
durability in resisting the ravages of the elements. In 
this latter regard, metallurgists, chemists and industrial 
and institutional experts and laboratories over the coun- 
try have contributed. Outstanding among these efforts 
have been those of the culvert manufacturers’ associa- 
tions, one of which, for a period of years, in co-operation 
with railway men, conducted scientific laboratory and 
field tests with the view of improving the quality of their 
product and more closely adapting it to the requirements 
of railway service. 

Scientific laboratory investigations and tests of cor- 
rugated culvert and drainage pipe were begun about 
1916. Recognizing the limitations of such tests, how- 
ever, in spite of carefully designed testing equip- 
ment, built specifically for the purpose, field tests were 
soon organized at various points and suitable measuring 
instruments were developed to record pressures on in- 
stalled pipe with a high degree of refinement. In 1925, 
extensive field tests of corrugated pipes of different 
diameters were initiated on a new line under construction 
by the Illinois Central near Farina, Ill., and, surrounded 
by the highest development of scientific skill, were 
studied over a period of several years, with conclusions 
which not only completely altered existing opinion with 
regard to corrugated metal culvert pipe, but which also 
demonstrated beyond doubt its general adaptability for 
railroad use in large diameters and under high fills. 
That this is true is evidenced by the fact that, while as 
late as 1923 the Committee on Track of the A. R. E. A., 
still held to the belief that corrugated metal pipe gave 
best results when placed not less than 3 ft. nor more 
than 10 ft. below subgrade, such pipe is now used com- 
monly, and with satisfactory results, in fills up to 80 ft. 
or more in height. 


Permanent Roadbed Not Overlooked 


Confronted with swamps, bogs, wet cuts and other 
natural foundation of insufficient bearing power, much 
study and experiment has been given to special types of 
roadway construction to meet these conditions. That 
these efforts have been effective is evidenced by the fact 
that hundreds of miles of such unstable territory is today 
traversed by the railways with not the slightest change 
in operating or riding condition which would bring it to 
the attention of the traveling public. 

There are many physical and economic reasons why 
a “so-called” permanent type of roadbed construction is 
not attempted generally by the railways, but, in spite of 
these, much study has been given to the possibilities of 
greater permanence of construction. Records show that 
permanent track construction was considered as early as 
1899, and that in subsequent years numerous designs of 
roadway have been suggested and installed, ranging from 
those having thick sub-bases of carefully placed bould- 
ers, through many combinations of steel and concrete 
construction, with or without timber tie blocks, to scien- 
tifically designed reinforced concrete roadbed slabs of 
various sections, with a variety of types of rail supports 
and fastenings. 

These installations have absorbed the interest of hun- 
dreds of railway men and have been made the subject 
of numerous studies and technical reports. Possibly the 
most outstanding of the more recent installations have 
been two on the Pere Marquette, made in co-operation 
with the Portland Cement Association, to develop the 
possibilities of a reinforced concrete slab roadbed for 
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general use. One of these installations, %4 mile long, 
was made in 1926, while the other, a 400-ft. extension of 
the first installation, but incorporating many changes in 
design, was made in 1929. Both of these installations were 
conceived, developed and constructed only after most 
exhaustive research and study, and were surrounded 
with the most competent sFill to be found on the railways 
and in the cement industry. 

To date, much has been learned from the installations. 
In some respects, they have demonstrated the necessity 
for alterations from the original design; in others they 
have fulfilled expectations. Whether they will afford 
better track and lower maintenance costs over a suffi- 
cient period of time to justify the large added cost of 
their construction, only time can tell. 


Grade Crossings Receive Large Attention 


In like manner, study and research have taken place 
in every other factor of railroading which can be con- 
sidered under the head of roadway. As far back as 
1908, grade separation and track alinement, especially 
in cities, had been studied intensively on the railroads 
and, already by that time, prior to the development oz 
the automobile to any extent, hundreds of highway- 
railroad grade crossings had been eliminated. In fact, 
as early as 1908, the Committee on Roadway of the 
A. R. E. A. recommended that grade separation be car- 
ried out wherever possible. 

In recent years the problem of paving at railroad- 
highway grade crossings has received much attention 
from both railway officers and certain manufacturers of 
crossing materials, and marked progress has been made 
in this direction. Today, the more permanent types of 
such paving, including asphalt, bituminous mixtures, con- 
crete and metal, developed after much study, are coming 
into more general use on all railways, in spite of their 
considerably higher first cost, as compared with ordinary 
plank, used to such a large extent in the past, and still 
in service at thousands of crossings where light vehicle 
traffic prevails. 

As far as strictly railroad operation is concerned, < 
grade crossing is a grade crossing, largely regardless 
of the type of pavement provided. Therefore, it is not 
unreasonable to expect, with the railways paying the full 
expense of construction and maintenance in most 
instances, consideration of the more permanent types 
of paving must include the factors of expense and dur- 
ability as well as the desire of the motoring public for 
the best crossing conditions possible. Through develop- 
ments on the part of manufacturers and the results of 
numerous service installations made by the railways, 
these factors of expense and durability are being brought 
closer and closer in line, which promises more widespread 
use of the more permanent and desirable types of cross- 
ing pavement in the future, especially at points of heavy 
highway travel. 


Many Other Problems Studied 


For years railway men and the manufacturers of cul- 
vert pipe have studied the economies of eliminating many 
bridges and trestles through the substitution of fills with 
culverts through them. As a result, thousands of bridges 
and trestles have been eliminated on the railways, with 
large economy and with improved track conditions. 
Tunnel construction, alteration, maintenance and ven- 
tilation have also received widespread study among rail- 
way men, railway contractors, and those furnishing 
equipment or machinery for tunnel construction or main- 
tenance, with the result that costs have been reduced 
materially, permanence of a high degree has been at- 
tained, and safety and comfort have been made equal 
to that on open track. 

The disadvantages of many types of mass masonry 
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An Example of Roadway Research—the Concrete Roadbed Installation 
on the Pere Marquette at Beech, Mich. 


retaining walls, employed so commonly since the early 
days of railway construction, have also received atten- 
tion, and, as a result, reinforced concrete and preformed 
metal cribbing, easy and economical of erection, have 
been developed by companies serving the railways, and 
have already saved the railways hundrds of thousands of 
dollars in track elevation and bank retaining work. 

Few realize the problem of weed growth on the rail- 
road roadbed and the further problem of roadway dust 
which would engulf fast trains at many points if not 
controlled, but both of these problems have long been 
the concern of railway and railway supply men. To- 
day, as a result of years of study and practical ex- 
perience, several methods and -numerous units of equip- 
ment have been developed for the economical destruc- 
tion of weeds, which, in many sections of the country, 
would choke the roadbed, foul the ballast, prevent drain- 
age, and well nigh prevent train operation, if not de- 
stroyed. These include principally, equipment for the 
burning, steaming and mowing of weeds, the discing and 
harrowing of the ballast to destroy weed growth and to 
stimulate drainage, and the highly developed method 
of destroying all forms of plant life by the application 
of chemicals, even to the extent of utilizing chemicals 
which are non-poisonous to animals which may get on 
the railroad properties. 

The control of dust is another roadway problem, con- 
sideration of which has been just as live on the railways. 
One of the important considerations which has brought 
about the use of crushed stone, gravel and slag ballast 
on thousands of miles of roadway is the fact that these 
materials minimize the dust nuisance of fast train 
travel. Where such ballast materials are not justified 
by the weight and density of traffic, oiling of the road- 
bed has been resorted to on a large scale by a number 
of roads, and, with the co-operation of certain of the 
oil companies and several equipment manufacturers, has 
been developed to a high degree of efficiency, both as re- 
gards character of oil used and method of applying it. 

Right-of-way fencing, including both the mesh and 
posts, may be a small factor in railroad right-of-way 
expenditures, but even these materials, of many types, 
have absorbed the time and interest of many: railway 
men, manufacturers and scientific investigators over a 
period of at least 20 years. As a result, many speci- 
fications, carefully built up, now govern strictly the 
manufacture of these materials, and thereby afford the 
railways the highest possible quality. 

All in all, the railway roadway of today, in its many 
ramifications, is the result of long investigation, study 
and research by many specialists in railway and manufac- 
turing service alike, each contributing to the structure 
over which the nation’s traffic moves with such regularity 
and safety. 


Railroads and Bridges— Twin Developments 


It is more than a coincidence that the century which 
witnessed the beginning of railway transportation and 
the spread of its network of lines over the American 
continent also saw the genesis and development of mod- 
ern bridge engineering. The coming of the railways 
greatly expanded the need for bridges, but more than 
this, it called for stronger and better structures than 
those that had sufficed for the modest requirements of 
stage coach traffic. The stone masonry arch and the 
pile trestle of antiquity were readily adapted to the re- 
quirements of the railways, but rail transportation could 
not enjoy its full effectiveness unless all streams were 
bridged, regardless of obstacles which in the case of 
highway stream crossings gave resort to ferries. Thus, 
the bridge builder of the day was afforded opportunity 
for the fullest expression of his art, and the develop- 
ment of truss design, which was then in its infancy, was 
given an impetus that was soon to bring about a com- 
plete revolution in bridge building. It led to the gradual 
unfolding of the principles of scientific design and af- 
forded the incentive for bold initiative in the expanding 
of its possibilities through resort to ever-increasing 
lengths of span. The simple span and cantilever types 
especially have received their maximum development in 





railway structures. The Quebec bridge, for example, 
still stands supreme in its class, while the Hell Gate 
bridge for several years following its construction com- 
prised the longest span for a steel arch. 


Movable Bridges 


The severe limitations of grades imposed on railways 
compelled them to assume leadership in another direc- 
tion, for whereas the builders of highway bridges in 
many cases were able to meet the requirements for over- 
head clearance at navigable streams by high bridges 
with steep approach grades, the railroads were more 
often compelled to construct low-level crossings with 
the attendant requirement for a movable span. Even in 
the period from 1903 to 1923, during which there was 
a marked decline in new railway construction, the num- 
ber of movable spans built for railway bridges was 
nearly double those constructed for highway use, accord- 
ing to the records of the largest fabricator. Therefore, 
because the railways have built more movable spans, 
because these average much heavier, and because they 
include the longest spans of these types, this special field 
of engineering has been influenced greatly by the re- 
quirements of railway structures. Moreover the re- 
quirements for the protection of rail traffic over mov- 
able bridges have given rise to a technic in the way of 
interlocked safeguards that have no counterpart out- 
side the railway field. 


Dominant Position of the Railway Bridge 


However, the railways have exerted their greatest in- 
fluence on the advance in bridge engineering because for 


years the larger proportion of all bridges of any con- 
sequence were built for railway use. This was owing not 
only to the fact that the highway did not cease to be 
more than a local utility for three quarters of a century 
following the advent of the railroads, but also because 
the progressive increase in loads called for the replace- 
ment of railway bridges after a relatively short service 
life. The repeated investigations into the need for re- 
tiring old bridges afforded exceptional opportunity for 
the devising of improved practices, with the result that 
railway bridge engineers became much more exacting in 
their specification requirements. In fact, the idea of 
competitive bidding on the basis of detailed specifica- 
tions originated with Octave Chanute, when he was chief 
engineer of the Erie in 1874. 

The change from empirical or intuitive methods to 
mathematical stress analysis in proportioning the parts 
of a truss or plate girder span was a rather slow process, 
but because railway loads were heavier and more readily 
determined it was but natural that definite considera- 
tion of actual live loads was given more attention in 
railway bridge work. Rational design was therefore ad- 
vanced another step in 1875 with the issuance of the 
specifications for the Cincinnati Southern’s Ohio River 


The Greatest Cantilever Bridge in 
America is a Railway Structure—the 
St. Lawrence River Crossing at Quebec 


bridge, embodying a live loading expressed in the form 
of a wheel-load diagram. But there were still many gaps 
to be filled before rational methods could be applied to 
the proportioning of all parts of the bridge spans, and 
the railway bridge engineers, because of their intensive 
experience in maintenance as well as in design and con- 
struction, exerted a profound influence in the advances 
made. 

With the organization of the American Railway En- 
gineering and Maintenance of Way Association (now 
the A. R. E. A.), railway engineers came to occupy an 
increasingly important place in the improvement in bridge 
engineering practice. Because of the rapid developments 
in bridge design, the increase in loads and the introduc- 
tion of structural steel, the last decade of the nineteenth 
century was one of wide variations in practice and speci- 
fication requirements, and the Iron and Steel Structures 
committee of the new association, became the chief 
agency for the correlation of existing information and 
the unifying of practices. 

In general, it may be said that this committee ad- 
dressed itself to the task evolving specifications, but 
whether the task at any given time covered specifications 
for design, or for materials, or for workmanship, the 
pursuit of the project almost invariably gave rise to 
research fostered by the association or by individual rail- 
ways, or to painstaking compilations and interpretations 
of the results of research conducted by others. These 
findings were given expression in specifications, which, 
instead of becoming moribund, have been subjected to 
almost constant revision and elaboration as the discov- 
ery of new facts justified changes. The engineers of 
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the bridge fabricators as well as consulting bridge engi- 
neers have collaborated in this work, thus bringing about 
a co-operative movement for a uniformity in practice 
and a standardization of requirements for material and 
workmanship that have resulted in a marked reduction 
in costs. 


The Benefits Gained 


Another result of this work was the general adoption 
of the “Cooper” system as a common convention for 
live loads. Turneaure’s experiments, financed by con- 
tributions from individual railways, pointed the way to 
a rational study of the impact effect of locomotive coun- 
terbalance. Tests of riveted joints, columns, rollers, 
pins, etc., have all had their effect in more accurate de- 
sign procedure and therefore more efficient designs. 

But this is not all, for the more accurate knowledge 
of the properties of materials, of the exact nature of 
the forces imposed on railway bridges and the behavior 
of structural parts under load has permitted the rail- 
way bridge engineer to work within a much closer mar- 
gin in determining the limiting capacity of old bridges. 
The result has been a saving of many millions of dol- 
lars in avoiding the premature replacement of old 
bridges. 

Co-operation of the railways and the structural steel 
fabricators has been responsible for many advances in 
the application of improved materials and practices. 
A special chrome steel was employed in the famous Eads 
bridge of the St. Louis Terminal Railroad at St. Louis, 
while the Chicago & Alton bridge over the Missouri river 
at Glasgow, Mo., built in 1879, was the first bridge to 
be made entirely of commercial structural steel. In 1915, 
studies pointing to the economy of a steel of high strength 


in the long spans of the Chicago, Burlington & Quincy 


bridge over the Ohio at Metropolis, IIl., led C. H. Cart- 
lidge, late bridge engineer of that road, to accept the pro- 
posal of the American Bridge Company that silicon steel 
be employed, thus marking the first structural use of that 
material. Shortly thereafter, collaboration between Mr. 
Cartlidge and the engineers of the same fabricator gave 
rise to the first use of heat-treated eye-bars, in the Bur- 
lington’s Missouri River bridge at Kansas City. 

The severe limitations imposed in the erection of rail- 
way bridges by the necessity for avoiding interruptions 


to traffic have been responsible for the exercise of a high’ 


order of engineering skill on the part of those represent- 





The Ballasted-Deck Creosoted Pile Trestle is Distinctly a Product of 
Railway Initiative and Research 
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The Lackawanna’s Tunkhannock Viaduct is America’s Outstanding 
Concrete Bridge 


ing both the railways and the bridge companies in the 
many projects that have imposed special problems of 
this character and the high standard of efficiency of the 
equipment and personnel developed by the several lead- 
ing bridge companies has been attained in large part in 
meeting the exacting requirements of railway work. 


Wooden Trestles—a Railway Development 


In the early days, the evolution of the wooden truss 
span and the combination wood and metal bridge passed 
through the same progressive stages as the all-metai 
structure, but eventually they were unable to compete 
with the latter on other than pioneer lines in forested 
territories. The story of the pile trestle is entirely differ- 
ent, for while the high frame trestle was gradually super- 
seded by the steel viaduct, the pile trestle has passed 
through a transition that has enabled it to maintain an 
important economic status. 

Comprising the most elemental of load-carrying struc- 
tures, whose history goes back into antiquity, the pile 
trestle offered little opportunity for modifications of de- 
sign of an epoch-making character. Nevertheless, the 
attention which was centered on its primary shortcoming, 
namely, its short life, gave rise to a far-reaching develop- 
ment. Pioneer efforts at the application of preservative 
processes to the timbers and piles used in a number of 
structures of this class, followed by years of experimen- 
tation and the careful recording of service data, estab- 
lished the economic position of the creosoted wooden 
trestle, and it is not too much to say that but for these 
efforts to increase the life of timbers in wooden trestles, 
the art of wood preservation would still be confined al- 
most entirely to the treatment of crossties. It is clear, 
therefore, that the practice of treating wood on, the 
American continent is distinctly a railway development. 

This development was responsible for an improved 
type of structure, the ballasted deck trestle, while such 
other modifications have been predicated on the require- 
ments of good results in treatment, of which the most 
recent advance is the practice of framing the timbers 
before injection of the preservative. 


Influence in Masonry Structures 
In so far as it concerned the use of stone and brick 
masonry, railway bridge building involved but the adapta- 
tion of an art that had long been established on a high 
plane. However, the impetus that was given by railway 
construction to the bridging of important streams, led 
to advances in foundation design and construction in 
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which the builders of railway bridges played a leading 
part. The Eads bridge was the first structure with large 
foundations to be placed by the pneumatic process in 
America. However, it was the advent of concrete con- 
struction on a large scale, following the growth of the 
American manufacture of portland cement and the pro- 
mulgation of the principles of reinforced concrete design 
during the nineties, that threw the railways in the fore- 
front in the field of masonry work. 

The transition from stone masonry to concrete was 
rapid, middle-western railways taking the lead in the 
adaptation of reinforced concrete, first for box culverts 
and later for slab spans, which found wide application 
in grade-separation structures and trestles, as well as in 
ballast decks for plate girder spans. This development 
was in the formative period just at the time that the 
A. R. E. A. was launching its diversified activities, and 
opened a broad field of work for its Committee on 
Masonry, which played a leading part in bringing about 
the standardization and improvement of practices in 
this new field, collaborating freely with such organiza- 
tions as the American Society for Testing Materials, 
and a group of manufacturers of cement, who later 
organized the Portland Cement Association. Railway 
men also participated actively in the several joint com- 
mittees on concrete and reinforced concrete, and the 
engineers of various railways were among the first to 
apply the improved practices in the making of concrete 
developed as a result of research work conducted by 
the Portland Cement Association and others. 


Initiate Other Improvements 


While mention has been made above of the early 
adaptation of reinforced concrete to slab span bridges, 
this is only one of many applications developed to a high 
degree in connection with railway construction projects. 
Railway engineers were responsible for a marked ad- 
vance in abutment design, they were among the first to 
install the reinforced concrete pipe culvert, while the 
cellular type of retaining wall as well as the reinforced 
concrete crib wall had their beginnings in railway draft- 
ing rooms. Concrete arch bridges have also, had an 
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important place in railway construction, among which 
the Tunkhannock viaduct of the Delaware, Lackawanna 
& Western comprises one of the great masterpieces of 
the American engineer. 

The development of the ballasted floor bridge, par- 
ticularly in its application to grade-separation structures 
in cities created a demand for effective waterproofing 
early in the present century under exacting conditions 
that had not previously been imposed. This gave rise 
to the intensive research and experimentation carried 
out jointly by the manufacturers and the railways, which 
has borne fruit in the perfection of products and prac- 
tices that have met the requirements with a high degree 
of success. 

Railway bridge engineering was in a high state of 
development before the program of wholesale highway 
construction was given its primary impetus. Except for 
street and highway bridges of a major character, which 
were designed and built under the direction of con- 
sulting bridge engineers or the engineers of the larger 
municipalities, highway bridge practice at that time was 
of a low order. It is not surprising, therefore, that with 
the inception of highway construction on an organized 
basis, its engineers turned to the practices of railway 
bridge engineers for guidance. It is of interest in this 
connection to note that the standard specifications for 
steel highway bridges are the work of a joint committee 
composed of representatives of the A. R. E. A. and the 
American Association of Highway Officials. Likewise, 
the excellent service rendered by the creosoted pile 
trestle has been responsible for the adaptation of this 
distinctly railway development to highway use. 

Modern bridge engineering is the composite result of 
the gradual unfolding of the laws of mechanics and the 


development of improved materials of construction, plus 


a century of practical experience. And because during 
this same century railway building created the primary 
demand for bridges, the designers and builders of rail- 
way bridges have exerted the dominant influence in 
shaping the course that has been followed in the per- 
fection of practices in this important branch of 
engineering. 


Railroad Water Problems Yield to Technical Advances 


The problems which have confronted the railroads in 
providing water for locomotives, power plants, trains 
and other uses, and the way in which these problems 
have been met in thousands of different situations, fur- 
nish one of the most colorful and commanding records 
of railway progress and accomplishment. It is a record 





Railway Water Supplies Are Constantly Subjected to Scientific Analysis 


rich with the experiences, mistakes and resourcefulness 
of railway men and with the telling effects of intensified 
research by engineers, chemists and manufacturers. 
Railway operation is becoming vastly more economical 
and efficient with the technical improvements being 
made throughout the ramifications of railway water 
service. 

Most conspicuous among the developments is the 
work which has been done in improving water supplies 
for making steam. Normally, the railroads require ap- 
proximately 500,000,000,000 gal. of water annually for 
all services, of which 350,000,000,000 gal. is used for 
locomotives. This is enough water to supply the largest 
city; it makes water the leading material in point of 
weight or volume that is used by railroads. The sources 
from which this water is obtained are widely scattered 
and the differences in quality are greater. Most waters 
are either laden with mud, charged with gas, polluted 
with mine drainage or vegetable matter or impregnated 
with minerals capable of causing incrustation, corrosion 
or foaming under heat and pressure. Locomotives 
traveling from place to place under varying operating 
conditions are particularly susceptible to these impurities 
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and the problem is accentuated with the increasing pollu- 
tion of streams and the increased size and utilization of 
steam power. Thirty years ago, the average locomotive 
was built to pull 1,000 tons or less over a 100-mile divi- 
sion at 15 m. p. h. Today they pull 4,000 tons and 
more several hundred miles at 50 or more m. p. h. Poor 
steaming, defective lubrication, train delays, explosions, 
fuel losses and extra maintenance cost attributed to im- 
purities in water are serious in such operations. 

Scientific study has been directed by the railroads to 
determine, by chemical analysis and experiment, the 
composition and effect of each type of water on boilers 
and their appurtenances under varying conditions. 
Special committees have had the subject under constant 
study. The libraries and research equipment of uni- 
versities have been utilized and the laboratories main- 
tained by manufacturers, as well as those maintained by 
railroads, have added to the knowledge of the subject, 
with the result that railroads are now in possession of 
advanced knowledge on handling feedwater. 


Better Selection of Water 


With this knowledge, the railroads have, in recent 
years, been particularly exacting when developing new 
supplies to avoid the mistakes made in the past of pass- 
ing lightly over the quality of water or disregarding it 
altogether. The geology of the source and the possibil- 
ities for pollution are investigated and thorough chemical 
examinations are made in laboratories before each pro- 
ject is undertaken and repeatedly following their utiliza- 
tion. Supplies in use are graded on the basis of their 
quality and wholesale abandonments of existing supplies 
have been made for the purpose of eliminating objec- 
tionable waters. Over 60 water stations have been 
closed on one road in the past five years. This progress 
in the better selection of water has been carried to the 
point of building great reservoirs at considerable expense 
and even showing industries and municipalities how to 
improve their own supplies to encourage or permit their 
use by railroads. 


Feedwater Treated 


Practically all roads have also undertaken the treat- 
ment of water for the purpose of improving its quality. 
They have studied and extensively used all the chemical 
preparations devised for feedwater and have been pioneers 
in the development of roadside facilities designed to 
remove incrustants from the feedwater before it reached 
the boiler. In recent years, this work has been stimu- 
lated and extended by better technic in handling feed- 
water. Notable contributions have been made by manu- 
facturers specializing in water treatment, who, with the 
aid and encouragement of railroads, have developed ap- 
paratus and chemicals capable of reducing the cost of 
treatment and who, by scientific progress in testing of 
boiler waters and handling locomotives, have improved 
the results obtainable with boiler chemicals. 

Thirty years ago, there were practically no water- 
treating facilities in railway service. The number of 
installations now exceeds 2,000. They include approxi- 
mately 1,200 wayside treating plants of the lime and 
soda type, ranging in capacity from a softening rate of 
50,000 gal. per day to more than 2,000,000 gal. per day, 
and producing, in the aggregate, about 90,000,000,000 
gal. of treated water annually. They include approxi- 
mately 600 plants equipped with apparatus, by means 
of which 15,000,000,000 gal. per year is treated with 
soda ash or sodium aluminate. They include approxi- 
mately 350 plants at which about 18,000,000,000 gal. 
of water is treated with commercially-prepared boiler 
compounds, and they also include approximately 100 
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wayside plants, at which 12,000,000,000 gal. of water 
per year is softened and clarified by the zeolite process. 
At present, approximately 135,000,000,000 gal. of 
water per year, or about 40 per cent of all the water 
consumed annually by locomotives, receives some kind 
of treatment before reaching the locomotive. Imposing 
quantities of water also receive treatment after it 
reaches the locomotive by the use of preparations de- 
veloped in the scientific laboratories of chemical com- 
panies which have made a specialty of railroad problems. 
On some roads, entire districts are now completely 
equipped with treating facilities. On one road, 90 per 
cent of all the objectionable water on the railroad is now 
receiving treatment. On another road, over 80 per cent 
of all the water is treated and the worst waters are now 
confined to supplies which at one time would have been 
considered excellent for use in the natural state. 


Large Fuel Savings 


The results vary with the water facilities and the or- 
ganization of the work, but, as a rule, they have been 
pronounced. In case after case, costly installations have 
paid for themselves in the first year. Boiler explosions 
attributable to bad water are now exceedingly rare, and 
instances of locomotives having to give up their trains 
on account of water conditions are almost unheard of. 
In contrast with 245 engine failures occurring in one 
month on a certain section of one road because of water 
conditions, prior to its treatment, and causing train de- 
lays of from 1 to 4 hours with blockades and reductions 
of tonnage, the train failures attributed to water condi- 
tions are now less than 5 per month. Locomotive fail- 
ures charged to leaking flues on another road have been 
reduced, largely because of improved water, from a total 
of 787, or 1 failure per 100,000 locomotive-miles, in 1911, 
to a total of 11 in 1929, or 1 failure per 4,340,000 loco- 
motive-miles. At present, much higher mileages pei 
failure are reported. Again, instead of washing out 
boilers after 500 or 600 miles, or less, railroads with well- 
supervised water service now operate their locomotives 
from 2,000 to 3,000 miles per washout, although engine 
runs are invariably longer than heretofore. The lives 
of side sheets and fireboxes in bad-water districts have 
been doubled. Boiler tubes, which once were removed 
and scrapped in less than a year, are now running the 
full government limit of four years before being re- 
moved from the boiler and, in many cases, by suc- 
cessive “safe-ending” have had their ultimate life ex- 
tended to 12 years. One road has secured a year’s 
extension beyond the four-year limit for tube renewals 
in more than 150 cases since 1929. Another has been 
allowed 60 extensions already this year. 

Tests indicate that scale on flues 4 ¢ in. thick will in- 
crease the amount of fuel required by at least 10 per 
cent and scale % in. thick will increase it more than 25 
per cent, while the American Railway Engineering Asso- 
ciation computes the saving in fuel and boiler mainte- 
nance from clean boiler water as equivalent to 13 cents 
per lb. of scale removed or otherwise prevented from at- 
taching itself to the heating surfaces. It is significant of 
the economies of water treatment, therefore, that over 
3,000 tons of incrustants are being removed from the 
water on some roads every year—enough to make a train 
load. In most cases, the great advances which have been 
made in train performance in the last 10 or 15 years 
would be out of the question without the improvements 
which have been made in the water supply. With present 
forces, operations would have been paralyzed during the 
past three years in many territories with water supplies 
in the condition they were 20 or 30 years ago. 

Notable progress has also been made in modernizing 
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pumping facilities with a view to adapting them to in- 
creased demands for water, adjusting the service to re- 
arrangements in train operation, providing more reliable 
supplies or reducing the cost of operating and main- 
taining pumping facilities. Thirty years ago, water was 
pumped largely by wind mills and steam plants. Service 
tanks seldom held more than 50,000 gal. of water, and 
the services of pumpers and repair men were constantly 
in demand to keep the plants in operation. Then cam2 
the gasoline engine. The greatest advance, however, has 
been made in the last 10 or 15 years with the introduc- 
tion of the semi-diesel oil engine, the increased accessi- 
bility and reliability of electric power and improvements 
in the centrifugal pump. Hundreds of old water stations 
throughout the country have been rebuilt to utilize this 
and other equipment by railroad technicians and de- 
veloped in the laboratories of manufacturers. 
Electrically-operated centrifugal pumps are now used 
in place of plunger pumps in wells and have even sup- 
planted triplex pumps for operating against heavy pres- 
sures. The recent installation of a multiple-stage cen- 
trifugal pump in a relatively inaccessible place to raise 
water 3,000 ft. in one lift is an example of this progress. 
The small wood roadside tank has given way to steel 
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structures of from 100,000 to 200,000, and, in some 
cases, 1,000,000-gal. capacity. Electric apparatus, includ- 
ing float and time switches and recording devices, has 
been utilized so that many remote pumping plants are 
now stopped and started by push-button controls in- 
stalled long distances away. Many softening plants are 
treating over a million gallons of water per day with 
only part-time attendance because of their developments. 
On one road, 56 of 63 pumping stations are now elec- 
trically operated and 25 are automatic. Another road 
has installed 58 automatic electric plants since 1923. 

Other improvements include the increase in locomo- 
tive tender capacities from 3,000 and 5,000 gal. to sizes 
holding from 12,000 and 25,000 gal., and the construc- 
tion of large reservoirs, by means of which supplies of 
suitable water are now assured and the cost of hauling 
water, in some cases, entirely eliminated. 

Pumping costs and maintenance have been reduced 
from one-third to one-half on some railroads by these 
improvements, and $50,000,000 per year is not con- 
sidered a high estimate of the aggregate economies per 
year already effected by all the roads, while further ad- 
vances are in prospect with the continued application of 
science in this field. 


Terminals Also Have Been Greatly Improved 


That terminals play an exceedingly important part in 
the conduct of railway transportation is well known, but 
the fact that research and invention have been respon- 
able for the attainment of more effective and economical 
‘ service from such facilities is not so widely recognized. 
Evidence of the advantages of a scientific approach to 
terminal problems is to be found alike in the facilities 
for the accommodation of passengers, for the receipt and 
delivery of freight, for the transfer of coal and ore 
from ships to cars and vice versa, for the classification 
and forwarding of freight trains, and for the servicing 
of cars and locomotives. However it suffices to examine 


the accomplishments in one or two of these highly spe- 
cialized types of railway facilities to note the progress 
made. 

When the railroads were new, terminal facilities were 
naturally of a primitive character, and their development 
and expansion during the first half century of the rail- 
way era were predicated largely on a rule-of-thumb proc- 





ess founded on accumulated experience. In more re- 
cent years these improvements have been based on the 
results of painstaking engineering studies. More sym- 
pathetic consideration has also been given to the products 
of inventive genius with the result that mechanical facili- 
ties have attained an ever-increasing importance. 
Mistakes have been made, but these have almost in- 
variably been corrected in the periodic replacements de- 
manded as the growth of traffic has rendered older instal- 
lations obsolete. But growth of traffic per se is not the 
only agency responsible for replacements, for terminal 
improvements have almost invariably followed as a direct 
result of projects for the more effective movement of 
traffic; the urge to move traffic in longer trains, for 
example, has been one of the most vital influences lead- 
ing to terminal reconstruction. On the whole, therefore, 
the railways have recast the units of their widely-scat- 
tered terminal facilities primarily to meet the demands 
for greater capacity and the incentive for lower costs. 





A Contrast in Locomotive Coaling Stations— 

Above—The Primitive Bucket Hoist. At the 

Left—An Automatic Electric Station Serving 

Engines on Four Tracks, With an Engine-Washing 
Platform in the Foreground 
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In no class of terminal facilities has the movement for 
improvement in design wrought greater changes than in 
the yards for the break-up, sorting and forwarding of 
freight trains. It is a long step from the flat push-and- 
pull yard with a few short tracks, to the modern classifi- 
cation yard in which three or four men, comfortably 
housed in towers, control the operation of retarders and 
power switches by means of which different cuts of cars 
in a long train are sorted into the various classification 
tracks as they are pushed over the hump by an engine a 
half mile or more away, and all this in accordance with 
a switch list made up at the yard office from the con- 
ductor’s wheel report and transmitted to the towers 
through pneumatic tubes by the time that the road engine 
and caboose have been cut off. 


Classification Yards 


The first great advance in classification yard design 
took place in 1890 when the Pennsylvania introduced a 
hump in its Honey Point yard near Wilkes-Barre, Pa., 
thereby substituting gravity sorting of cars for drilling 
or poling. However, when this development was taken 
up in earnest, about 1900, it was found that many 
technical problems had to be solved before the idea of 
the hump could be generally applied. This led to an 
intensive study of hump grades as affected by variations 
in journal, wheel and air resistance, and variations in 
temperature, of various schemes for ladder-track ar- 
rangement, of means for the returning of car riders to 
the hump, and of measures for reducing damage to lad- 
ing resulting from impacts. In 1924 the entire aspect 
of the hump yard was altered again by the introduction 
of the car retarder, which enables the speed of each in- 
dividual car to be controlled as it passes down the lad- 
ders into the classification tracks, thereby eliminating the 
large number of car riders which were formerly required 
to ride each car or cut of cars into the classification 
tracks. 

But the application of mechanical appliances has not 
stopped there. Impact recorders, for example, are not 
infrequently concealed in cars as a means of checking or 
detecting the non-observance of practices designed to 
minimize the rough handling of cars. In yards subjected 
to the rigors of severe winters, electric, gas or oil snow 
melters are installed at switches and retarders to insure 
continuity of service and obviate the expense and hazard 
of manual removal of snow and sleet during severe 
storms. 

Closely allied with the classification yard is the track 
scale which was introduced early in railway history, but 
which has been subjected to marked improvement within 
the last few years until today cars are no longer stopped 
on the scales for “still” weighing by adjusting the scale 
beam by hand, but are weighed automatically while in 





The Modern Enginehouse Is a Well Lighted Adequately Equipped Plant 
for the Efficient Conduct of Its Essential Functions 
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motion and the weights recorded on tickets, without de- 
lay or manual attention and with speed and accuracy 
unthought of as recently as 15 years ago. Credit for re- 
finements in design, and the perfection of automatic 
recording track scales, as well as of direct reading dial 
scales for freight houses, must be ascribed to the manu- 
facturers, while the development of standards for the 
comparison of the merits and capacities of different 
makes of track scales and for the inspecting and testing 
of scales is largely the work of railway men, in co-opera- 
tion with the manufacturers and the United States Bu- 
reau of Standards. 


Service Facilities for Locomotives 


While railway engineers and architects have been able 
to profit from the general advance in building design 
and practice in the planning and constructing of freight 
houses, passenger stations, power plants and shops, this 
has not been the case with engine terminal facilities. 
The roundhouse, for example, is distinctively a product 
of railway ingenuity. Consisting in the start of an en- 
closure of walls and a roof of the shape from which it 
receives its name, and in which work was commonly 
done under the handicap of poor light and a choking fog 
of steam and smoke, the roundhouse has become a well- 
lighted and adequately-ventilated building equipped with 
mechanical appliances for the various operations nor- 
mally conducted within its walls. Drop pits equipped 
with hydraulic wheel hoists facilitate the removal and 
replacement of wheels. Power hoist-trucks eliminate 
heavy manual lifting in the handling of other locomotive 
parts and their movement to the auxiliary machine shop. 
Conveniently-located service outlets for steam, hot 
water, compressed air and electric current for both elec- 
tric welding and portable power units, all make this 
facility a unit possessing an efficiency comparable with 
that found in any other industry. 

No discussion of the modern enginehouse is complete 
which does not refer to the remarkable improvements 
that have been made in boiler blowdown, washout, re- 
filling and resteaming, a consolidated process that com- 
prises one of the most important of engine terminal 
operations. Not only has this process been perfected 
to a stage that provides for the conservation of sub- 
stantially all of the heat of the water and steam that is 
blown out, for the heating of the water used in washing 
and refilling, and for the completion of the process with 
a minimum drop in the temperature of the boiler and 
firebox, but the more recently developed direct-steaming 
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process provides sufficient steam pressure in the boiler 
to permit the locomotive to move out of the house with- 
out a fire (which is started at a fire-lighting station out- 
side). This innovation, which is designed to effect 
greater economy and speed in the restoring of engines 
to service, has, incidentally, removed the last obstacle 
to the attainment of the best of working conditions in 
roundhouse operation. 


Coal—Sand—Cinders 


The coaling station is another unique facility that 
must meet exacting and highly-specialized requirements. 
Starting from the primitive platform where coal was 
shoveled by hand into locomotive tenders, the coaling 
station has evolved into a plant for the mechanical 
handling of coal from cars to overhead delivery aprons 
whence it is discharged conveniently into the tenders. 
Coaling station designs cover a wide range, from the 
simple coaler without storage to the enormous plant, 
equipped to deliver coal to locomotives on many tracks, 
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to provide storage and selective delivery for several 
grades of coal, to insure a minimum of separation or 
breakage, to weigh the coal as delivered and to provide 
parallel facilities for the storage, drying and delivery of 
sand. 

Equal progress has been made in the improvement of 
the facilities for the reception and disposal of cinders, 
the task imposed being complicated by the fact that the 
cinders must be received hot from the locomotive ash 
pan and that quenching produces a material of distinctly 
corrosive activity. Development in this field has fol- 
lowed several different directions, and effective facilities 
of different makes and types are available. As with the 
coaling station, the railways have profited greatly from 
the improvement made, for not only is the operation 
performed with less labor and at a lower cost, and in a 
plant occupying far less space than was formerly re- 
quired, but, especially in the case of the coaling station, 
there has been a reduction in the locomotive detention 
time for the service rendered. 


Easing the Burden of Labor 





Power Equipment Has Removed the Drudgery from the Laying of Rail 


In no field of railway endeavor are the contrasts be- 
tween pioneer methods and those of today more sharply 
defined than in maintenance of way work. Despite the 
fact that it required more than half a century to start 
the developments which have led to present practices 
and another 25 years to get them fully under way, they 
have advanced with such bewildering rapidity in the last 
two decades that at present one man is able to do as 
much work as 4 to 50 did formerly. 

During the half century referred to, the pick and 
shovel were pre-eminent. Every maintenance operation 
was performed by hand, except the driving of piles, for 
which horses were used to raise the hammer. No equip- 
ment was available for easing the burden of labor, except 
such home-made contrivances as foremen or supervisors 
were ingenious enough to devise. On the surface, this 
lack of progress seems in strange contrast to the seething 
activity of the period in almost every other phase of 
railway development. That it was not due to lack ot 
interest or of enterprise is evident from the fact that 
in 1883, at the first meeting of the Roadmasters’ Asso- 
ciation, the announcement that there was on exhibition 
a steam ditcher which had recently excavated 1,600 ft. 
of ditch on both sides of the track in a single day at a 
cost of only $20, was sufficient to cause a temporary 
adjournment of the convention to enable the members to 
examine it. So enthusiastically was the idea of power 
equipment received that upon reconvening, the associa- 
tion formally endorsed the machine. 
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Railway men and manufacturers have both been alert 
to the need for equipment which would not only increase 
the production of the individual, but at the same time de- 
crease the burden of his labor. Progress was necessarily 
slow, since there was no precedent to guide the vast 
amount of inventive effort that was applied to the solu- 
tion of these problems. Many curious and ingenious 
devices appeared which, through the selective process of 
exhaustive service tests, were gradually reduced to the 
relatively few machines that had sufficient merit to sur- 
vive the severe demands of service and were thus con- 
sidered worthy of further study and improvement. 


Development Awaited the Internal-Combustion Engine 


Among the earliest power equipment developed for 
railway construction and maintenance were the snow 
plow, the ballast-unloading plow and the spreader, all 
of which were locomotive-propelled. They were fol- 
lowed by self-contained machines, which carried their 
own power plants but had no means of self-propulsion, 
such as the steam ditcher, the steam shovel, the pile 
driver and the steam derrick. These were all heavy slow- 
moving machines, which in themselves had no mobility 
and were confined to, the performance of one or at most 
two classes of work. This was by reason of the fact 
that at this time power could only be obtained directly 
from a steam engine. This prime mover required a 
boiler together with fuel and water storage, occupying a 
relatively large amount of space, so that it was not 
adapted for use in the small mobile units of the type 
reauired to conduct work along the track or right of way. 

Basically, this was for years the reason for lack of 
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effective progress in this field which is sometimes so 
puzzling. To those familiar with the history of work 
equipment, it is clear that any further application of 
power machines or of power tools in maintenance had 
to await the same epoch-making development—the dis- 
covery and perfection of the internal-combustion engine 
—that gave rise to the automobile. It was the advent 
of the gasoline engine which made it possible to provide 
small units for maintenance operations that could be 
moved about at will and used for the production and 
direct application of power, or its indirect application by 
means of compressed air or electric current. 

From this time, inventive genius, laboratory investiga- 
tions, engineering research and exhaustive service tests 
have developed in bewildering array one device after 
another to ease the burden from the shoulders of labor, 
as well as to reduce the total amount of labor required 
to perform the work. None of these devices sprang 
into completed form at once. Every one is the product 
of long study, trial and disheartening failure, further 
study, redesign, exhaustive service tests, slow and labo- 
rious improvement, until they were able to give effective 
and efficient performance. It is only fair to say in this 
connection that the railways are indebted to the manu- 
facturers for substantially all of these developments, for 
it has been through their initiative, persistent study and 
exhaustive research that they have been carried through 
to success. 

Except for stationary service in pumping water, the 
first railway application of the gasoline engine was for 
propelling light inspection cars. Improvements in the 
mechanical details brought increased dependability, while 
accumulated experience pointed the way to units of in- 
creased power and wider application. Short as this step 
now seems, it required several years of development be- 
fore the gasoline engine was applied successfully to a 
different type of car which was offered as a substitute 
for the hand car. Moreover, during the quarter of a 
century that has elapsed since this was done, manufac- 
turers have studied constantly to improve still further 
in performance and efficiency both the engine and the 
car. 

This step having been taken, other developments fol- 
lowed more rapidly. . While the manufacturers of motor 
cars were striving to perfect their products and thus 
stimulate a wider use, others were experimenting with 
a wide variety of applications of the internal-combustion 
engine to roadway work, including such extremes as lay- 
ing rail, tamping ties, driving and pulling spikes, clean- 
ing ballast, sawing and boring timbers, adzing ties, mow- 
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Building up the Ends by Welding Prolongs the Life of Ra 


ing the right of way, handling material, excavating, 
trenching, erecting structural steel, ditching and a wide 
variety of other operations. As a still further indica- 
tion of the wide range covered by the studies that have 
been made in developing this equipment, many of these 
diversified operations are now performed by taking 
power directly from the prime mover, or indirectly 
through compressed air or electric current, all by means 
of self-contained portable power units. 

Early machines labored under a serious handicap in 
that they were confined to the track so that their work- 
ing range was prescribed. The development of crawler 
mountings pointed the way to greater mobility and today 
there is no limit to the working range of nearly every 
type of roadway machine or power tool. 


Other Types Were Developed 

While the internal-combustion engine created a new 
era in work equipment, it should not be assumed that 
the mechanization of roadway work hinged entirely on 
this device. For instance, the steam ditcher and the 
steam shovel had reached a high degree of efficiency 
before this era and both made remarkable developments 
afterwards. The same is true of the spreader, which 
later evolved into a ditcher and ballast shaper. These, in 
turn, created a need for better hauling and unloading 
equipment, with the result that the flat car and unloading 
plow gave way to the modern ballast and automatic dump 
cars. 

Welding by means of the oxy-acetylene flame and the 
electric arc have attained an important place in main- 
tenance programs, particularly as a means of restoring 
battered rail ends and repairing frogs and crossings, 
and the use of the electric arc is extending rapidly in 
connection with structural steel work. This is another 
development for which the railways are indebted to the 
manufacturer, for while many of the refinements of the 
practices now followed have been perfected through 
the initiative and experience of maintenance officers and 
workmen, the equipment and materials as well as the 
basic methods were developed by the manufacturers. 

Much stress has been laid on the important part 
played by the manufacturer in the development of main- 
tenance of way work equipment, and it is proper that 
this should be done, since it is likely that few of them 
would have occurred without his assistance. Mainte- 
nance officers and men have not been deficient in inge- 
nuity, while they have known rather definitely what they 
have wanted in work equipment. On the other hand, 
they have not had the requisite mechanical training to 
develop their ideas, or the time to do so. Neither have 
they had access to the shop or laboratory facilities which 
might have enabled them to perfect a device they had 
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in mind. For these reasons, it has been necessary for 
them to turn to the manufacturer who has the training 
and equipment for making the development. 

An example of the wide recognition of the value of 
the contributions toward the solution of maintenance 
problems by manufacturers in this field is found in the 
award, made on May 17, by the Franklin Institute to 
the Industrial Brownhoist Corporation of its John Price 
Wetherill medal “in consideration of the high degree of 
ingenuity in design and execution of detail embodied in 
a successful machine for cleaning railway ballast and 
the real contribution it has made toward the solution of 
a maintenance problem of great moment.” 

In the development of work equipment certain ob- 
jectives have always been kept in view: to increase the 
production of the individual, to enable him to produce 
with less effort, to speed up the operation as a whole 
and to reduce the unit of cost of the work to which the 
machine is applied. The machines that have survived 
the acid test of service have been those that attained 
these objectives. There have also been certain by- 
products of their use which were not anticipated, in 
that the use of these machines has brought profound 
changes, not only in the method of doing the work but 
in the organization for doing it. 

Through the use of the motor car the section gang 
now reaches its work fresh and ready to start the day 
with full efficiency instead of being worn out from 
pumping a hand car. In the same way a rail-laying or 
a ballasting gang is transported to its work, and through 
the elimination of the work train formerly required, 
there is a sufficient saving to pay to the cost of the 
motor cars in a surprisingly short time. 

Today, by means of a rail crane four men can, with- 

‘ out undue exertion, lay 20,000 lin. ft. or more of 130-lb. 
rail in a day. As a hand operation, 20 men would find 
it a back-breaking job to lay one-fourth of this amount. 
By utilizing modern draglines, crawler shovels or 
spreader-ditchers, four or five men can do as much 
ditching as 200 men did formerly, and as a rule it will 
be done better. Likewise, modern ballast cleaners make 
it possible to clean and salvage dirty ballast which was 
formerly wasted because it was cheaper to do this than 
to clean it by hand. These examples could be multiplied 
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indefinitely, and any other form of work equipment, 
used as an illustration, would show similar striking 
results. 

Whereas the section gang was formerly the keystone 
of the maintenance organization and was expected to 
perform all but the exceptional jobs, more of the work 
it formerly did is now being performed by specialized 
gangs that are fully equipped with power machines and 
tools suitable for the class of work they are to do. They, 
thus, attain a high degree of perfection in this work and 
in the use of the particular tools with which they are 
equipped. On the other hand, the section gang is being 
gradually reduced to a policing unit which is expected 
to care only for the simpler routine tasks of maintenance. 

While most of the work equipment in use was de- 
signed primarily to reduce the burden on labor and 
speed up the operation, from an economic standpoint, 
few such machines can survive unless they are able to 
demonstrate savings of sufficient magnitude to pay a 
satisfactory profit on the investment they represent. 
Illustrating some of the ccouemies that have been ef- 
fected, weeding was tormerly a hand operation, slow 
and expensive, which required from 300 to 800 man- 
hours a mile and cost from $80 to $200. Today through 
the perfection of suitable equipment, the same track can 
be cleared of weeds in two or three hours by means of 
chemical applications or burning for as little as $3.50 
to $20 a mile. Similarly, more than one road has been 
able to reduce its costs per mile for laying rail by as 
much as 60 per cent through the use of power tools, 
and this despite the fact that the rail is of much heavier 
section than when the laying was done by hand. Similar 
reductions have been made in applying ballast and in 
practically all other maintenance operations. 

It is evident, therefore, that power equipment as a 
whole is fulfilling the purpose for which it has been 
devised. It is easing the burden of labor, and has re- 
sulted in a productive capacity far beyond the wildest 
flight of imagination 50 years ago. It has materially 
reduced unit costs, it is enabling the railways to do work 
which they could not do without it, it has raised the 
standards of maintenance and although a greater volume 
of better work is being accomplished, the actual out-of- 
pocket cost has been reduced. 

* * 
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Signaling Developments Have lmproved 
the Operation of Trains 


Railroading revolutionized by centralized traffic control, 
car-retarders and cab signaling during past decade 


in Chicago in 1893, railway signaling, as we 

know it today, was in its infancy. It is true that 
mechanical interlocking was fully developed, having been 
introduced in this country about 1870. Likewise, the 
track circuit had been invented by Dr. William Robinson 
in 1873, but the use of automatic signaling was very 
limited. At that time such modern signaling facilities as 
automatic train control, cab signals, centralized traffic 
control and car retarders were unthought of. In fact, 
the past decade has seen all of these new systems de- 
veloped. 

Although the track circuit had been available for 20 
vears, the use of automatic signals in 1893 was limited. 
For example, one of the outstanding automatic block 
signal installations of that day was that constructed by 
the Illinois Central between down-town Chicago and the 
south side for the special purpose of handling passenger 
trains to and from the exposition grounds at Sixty- 
Third street. This installation employed enclosed disk 
signals, most of which were controlled by track treadles 
because cinder ballast precluded the use of track circuits, 
as then developed, except on a few sections. 


Ai the time of the World’s Columbian Exposition 


Interlocking Developments 


While mechanical interlocking was used extensively 
prior to 1893, the first installation of an American ma- 
chine being on the New York Central at Spuyten Duyvil, 
near New York, in 1874, it had serious limitations as to 
speed of operation and distance from the tower to the 
switches to be operated. There was, therefore, a great 
need for power interlocking. Hydraulic and pneumatic 
systems were tried from 1876 to 1890, but were found 
to be too complicated and unreliable. After extensive 
research and development, the Union Switch & Signal 
Company devised the electro-pneumatic system whereby 
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The First Important Installation of Electro-Pneumatic Interlocking Was 
Placed in Service in the St. Louis Union Station in 1893 
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the switches and signals wete operated by compressed 
air, while the control valves were operated electrically 
and controlled by circuits from the interlocking ma- 
chine. The first interlocking of this type was installed 
in 1891 at a drawbridge on the Chicago & North Western 
in Chicago, and was inspected by many railroad men 
who attended the 1893 Exposition. About this time 
J. D. Taylor was developing an all-electric interlocking, 
of which the first installation was placed in service on 
the Baltimore & Ohio at Chillicothe, Ohio, in 1889. 
Thus, it may be said that except for mechanical inter- 
locking, the field of railway signaling, with its numerous 
applications as we know it today, has been developed 
since the time of the 1893 World’s Fair. 

Starting at that time, rapid progress was made in 
improving power interlocking systems. The straight 
pneumatic and hydraulic systems were abandoned as 
not practical, giving way to electro-pneumatic and all- 
electric. Late in 1893, the first large electro-pneumatic 
plant was completed at St. Louis, Mo. In 1901, the 
first all-electric interlocking embodying the dynamic-in- 
dication principle, was installed at Eau Claire, Wis., on 
the Chicago, St. Paul, Minneapolis & Omaha. 

Realizing the importance of the track circuit as the 
fundamental control feature of block signaling, the manu- 
facturers developed relays, batteries and bonding so that 
track circuits could be operated satisfactorily and eco- 
nomically under normal track conditions ; developments 
in this field have been and still are of the utmost im- 
portance to the railroads. 


Signal Glass a Problem 


An outstanding example of the value of research to 
the railroads is the development of signal glass. Up to 
the beginning of this century, green and red were the 
only satisfactory colors for night signals and, as a result, 
red was used for “stop,” green for “caution” and white 
for “clear.” However, if a red or a green roundel was 
broken out, a false-clear white light was displayed, and 
this condition resulted in train accidents. After years of 
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research, the glass manufacturers developed a yellow 
glass of a character that could not be confused with red, 
and starting about 1906 most of the roads changed over 
to red for “stop,” yellow for “caution” and green for 
“clear.” However, work did not stop here, for the 
Committee on Design, of the Signal Section, A. R. A., 
in collaboration with one of the manufacturers and the 
3ureau of Standards, selected light and dark color 
limits and transmission values for colored glass. In 
1932, the standards were transferred to the Bureau of 
Standards in Washington, D. C., where further calibra- 
tion and development of specifications is now under way. 


The Signal Itself 


Another important problem was to provide a satis- 
factory signal. The early automatic signals were of the 
disk type, because no satisfactory power was available 
to operate a semaphore. A special mechanism attached 
to the base of mast, with a chain to pull the semaphore, 
was developed in 1893, but it was not until 1897 that 
the first electric semaphore, as a complete unit, was 
developed while the first signal with a top-of-mast 
mechanism was developed in 1904. Although semaphore 
automatic and interlocking signals have since been in- 
stalled extensively, such signals display a dual system 
of aspects, with blades during daylight and with colored 
lights at night. Signals with colored lights for day and 
night had been used in subways, but it was not until 
1910 that a color-light signal was developed which 
would afford adequate daylight indications under ad- 
verse conditions of strong sunlight. These signals, 
which were first installed on the Pennsylvania, repre- 
sented the combined efforts of research and development 
by various signal companies, lamp manufacturers and 
glass companies. About 1920, a single-unit so-called 
searchlight signal was developed, embodying only one 
lamp and lens combination, the different color aspects 
being effected by small colored roundels in a miniature 
spectacle operating at the focal point of a reflector. 
The position-light signal, using a row of lights for each 
aspect, was developed and first installed on the Penn- 
sylvania in 1915, while the color-position-light signal, 
using color and position together, was developed on the 
Baltimore & Ohio in 1921. 

Early automatic signals were installed for the pro- 
tection of following train movements as on multiple- 
track lines. Later a system employing overlaps was 
developed for the application of such signals on single- 
track lines. In order to afford absolute protection for 
head-on movements, as well as to permit permissive fol- 
lowing movements for single-track lines, thus increasing 
the track capacity as well as affording safety, the abso- 
lute-permissive system was developed. An installation 
incorporating these features was installed on the 
Toronto, Hamilton & Buffalo in 1911. 


Automatic Train Control and Cab Signals 


Ever since the development of air brakes for stopping 
trains, and of wayside signals for directing their move- 
ments, inventors had been devising schemes for con- 
necting the two systems so that a train could be stopped 
automatically in case an engineman disregarded a signal 
indicating “stop.” In 1919, the Automatic Train Con- 
trol Board of the United States Railroad Administration 
investigated 34 train control systems, two of which 
were in service and in 1922, the Interstate Commerce 
Commission ordered 49 roads to make extensive in- 
stallations of train control. It was then found that much 
research and development was still required and only 
4 of the 34 systems were used. Later two other sys- 
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tems were developed and installed extensively, the con- 
tinous system, with cab signaling, being an entirely new 
plan which grew out of intensive research and develop- 
ment on the part of the manufacturers to produce a 
system to meet the demands of the railroads. 

The continuously-controlled cab-signal system was de- 
veloped as an accessory to the continuous train-control 
system, the first installation of which was made on the 
Lewistown branch of the Pennsylvania in 1923. The 
cab-signal system, with the whistle and acknowledger 
has, in the opinion of many authorities, been developed 
until it is more useful in promoting safety of train op- 
eration than the train-control system itself. Among 
its advantages is the fact that the cab signals can be 
seen by the engineman and fireman at all times regard- 
less of storms, smoke and fog, which frequently obscure 
the wayside signals. 


Car Retarders 


During the World War, conditions were so chaotic that 
little attention was given to the development of signal- 
ing facilities. Railway traffic was congested, not so 
much by reason of a lack of locomotives and cars as by 
a lack of track capacity and yard facilities. As soon as 
the war was over, the signaling field set about to cor- 
rect these conditions and developments in car retarders, 
centralized traffic control and modern interlocking have 
been very rapid during the last decade. In brief, it 
may be mentioned that prior to 1920, the principal reason 
for installing signaling was to increase safety of train 
operation, whereas since that time, increasing importance 
has been attached to economics, until signaling installa- 
tions are now authorized primarily on the basis of the 
savings effected by facilitating train operation and reduc- 
ing operating expenses. 

As a means of facilitating the operation of classifica- 
tion yards and eliminating car riders, the car-retarder 
system was developed. The first installation was made in 
1924 in the yard of the Indiana Harbor Belt at Gibson. 
Ind. George Hannauer, then vice-president, and E. M. 
Wilcox, master car builder, of this road, were respons- 
ible for the development of this system, which was built 
of special parts, freight car springs and standard air 
brake cylinders, and was operated by straight air. 
Within a short time one of the supply companies ac- 
quired the rights to manufacture car retarders and later 
licensed a second signal company to do so. One of these 
companies developed an electro-pneumatic system of 
control and operation to afford the required flexibility 
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Was First Installed on the Pennsylvania in 1923 
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of control and retardation, while the other secured 
similar results by an all-electric system. The first com- 
mercially manufactured installation of car retarders was 
installed at the East St. Louis, Ill., yard of the Illinois 
Central, being placed in service February 8, 1926. 

The earlier types of retarders were so exposed as to 
be practically demolished in case of derailments, which 
condition was corrected by the development of the en- 
closed type of retarder, while improvements were made 
which reduce the number of derailments. Later, re- 
railing arrangements were also devised. Thus the car 
retarder was rapidly developed to a practical and eco- 
nomical aid for yard operation until more than forty 
large yards are so equipped at the present time, facili- 
tating car movements and reducing operating expenses 
varying from 18 to 40 cents per car classified. 


Direction of Train Movements by Signal Indication 


One of the handicaps of the train-order system is the 
practice of stopping trains to direct them to proceed. 
Staff systems or controlled manual block arrangements 
had been in use for years for the direction of train move- 
ments without train orders on certain sections of track 
over bridges, through tunnels, etc. The Erie is one 
of the roads that early provided remotely controlled sig- 
nals to direct trains to keep moving or to take siding. 
However, the Missouri Pacific was the first road to 
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The First Centralized Traffic Control Machine Was Installed on the 
New York Central at Fostoria, Ohio, Only Six Years Ago 


install a complete system of sigraling facilities for the 
direction of train movements by signal indications with- 
out written train orders over an entire operating division 
of a steam road. This installation was placed in serv- 
ice in 1925, between Leeds (Kansas City), Mo., and 
Osawatomie, Kan., 56 miles of single track. 
Concurrently one of the signal companies was co- 
operating with the New York Central in the development 
of a centralized traffic control system, wherein a dis- 
patcher at a central point operates the passing-siding 
switches and signals so as completely to direct train 
movements. This is what is termed a unit-wire system, 
in which only one wire, together with the common wire, 
is required to control the switch and signals at the end 
of a passing siding, for instance, and to provide the 
necessary indications. The first installation of this type 
was placed in service on July 25, 1927, on 37 miles of 
single track and 3 miles of double track of the New 
York Central between Stanley, Ohio, and Berwick. As 
a means of reducing the number of line wires required 
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E. M. Wilcox, left, and George Hannauer, Standing on One of the 
Original Electro-Pneumatic Car-Retarders First Installed at 
Gibson, Ind., About Nine Years Ago 


for centralized traffic control, another signal company 
later developed a system of code control, the first in- 
stallation of which was placed in service on the Pere 
Marquette. By reason of the fact that centralized traf- 
fic control eliminates delays for the handling of train 
orders and reduces the number of stops at passing tracks, 
all train movements are expedited and fuel consumption 
is reduced. As a result of these reductions in delays, 
track capacity is so increased that peak traffic can be 
easier dealt with and the construction of additional — 
can be deferred for years. The same reasoning applies 
also to reverting to single-track operation on those 
sections of double-track road where present as well as 
anticipated traffic can be handled satisfactorily on a 
single track equipped with modern centralized traffic 
control. Because of these and other advantages, 
numerous roads have made installations in recent years 
including more than 900 miles of road, 800 power 
switches and 2,000 controlled signals. Freight trains 
are expedited on an average of more than one minute 
per mile and savings amount to 18 to 50 per cent on 
the investment, while additional savings realized by de- 
ferring expenditures for additional track facilities 
frequently amount to 10 to 20 per cent on the invest- 
ment for the centralized traffic control. 

The most recent development in the centralized con- 
trol of interlocking is at Dayton, Ohio, on the Dayton 
Union Terminal, where the entire terminal area, includ- 
ing four interlocking plants and two layouts requiring 
switch tenders, is now handled from one centrally located 
machine of the C. T. C. type. This layout is divided 
into three sections, each of which has a separate tower 
or room to house all the relays and other equipment in- 
volved in the electric interlocking of circuits, simplified 
and combined circuits involving a minimum of wires be- 
ing extended to the main control machine for control 
and indication purposes. These new circuits were de- 
veloped by the engineers of one of the signal companies 
in co-operation with representatives of the signal de- 
partments of the roads involved; the Pennsylvania, the 
Baltimore & Ohio and the Big Four. 

Automatic signals, with circuits so interconnected as 
to govern train movements over sections of gauntlet 
track, have been used at certain points for years, but it 
seems that such a control arrangement for the protection 
of a railroad crossing was first installed at a crossing 
of the Tidewater & Western with the Virginia Railway 
& Light Company at Chester, Va., in 1907. About 1922, 








several roads, including the Great Northern and the 
New York Central, installed several automatic plants at 
gauntlets and crossings, the G. N. installing certain 
plants, including the automatic control of switches, at 
the ends of double track. More than 250 of these auto- 
matic interlockings are now in service, not only eliminat- 
ing train stops, but also effecting net savings ranging 
from 20 to 170 per cent in the expenditures that in most 
cases are less than $10,000. 


Light-Weight Cars Bring Problem 


During the last few years many roads have introduced 
light-weight gas-electric rail cars, which are not always 
effective in shunting track circuits. This fact involved 
the reliable operation of a fundamental feature of all 
signaling and interlocking to the extent that either the 
track circuits had to be improved or the use of light- 
weight equipment would become impracticable. The sig- 
nal manufacturers accepted the challenge and con- 
centrated research on the problem. An arrangement 
with a source of alternating current on the car, fed 
through brushes to break down the contact resistance of 
the rail film, was developed by one of the signal manu- 
facturers, while a combination of track relays, affording 
sensitive shunting of the track circuit, was developed by 
another company. As a result, the railroads now have 
equipment available for reliable operation of track cir- 
cuits where light-weight rail cars or Diesel-ciectric loco- 
motives are used. 

Although used for years on electric roads, the spring 
switch was not practical for application to steam roads 
running long trains until the oil buffer was developed, 
about 1920, to prevent the slapping of the points between 
the passage of each two trucks. Even with this buffer 
many roads hesitated to use the spring switch because 
of the possibility of the point being misplaced under a 
train. In 1931 and 1932, two methods were developed to 
lock the switch points. One system incorporates a lock- 
ing arrangement operated by an electric motor, while 
a mechanical facing point lock arrangement operated 
automatically by the front wheels of a locomotive, was 
developed by another company. The advantage of using 
a facing point lock is that the switch is locked in place 
the same as any interlocked switch so that speed restric- 
tions are unnecessary. As a result, the opportunities for 
the application of spring switches have been decidedly in- 
creased. 

Thus, in conclusion, it is evident that many of the 
problems of train operation have been solved by sig- 
naling. Yet the work continues and the manufacturers, 
in co-operation with the railroads, are now busy with 
further research and developments which give great 
promise of still greater improvements. 


Research and Development 


in Car and Locomotive Materials 
(Continued from page 32) 


making and handling plain carbon forging steels has 
produced forgings with tensile properties from 20 to 
25 per cent better than were specified 15 years ago. 
Carbon-vanadium and carbon-nickel steels have also been 
developed and are giving excellent results in service. 
The Union Pacific has taken a prominent part in the 
development of practical methods for heating and using 
normalized and tempered carbon-nickel forgings. 
For locomotive main and side rods the situation 
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differs somewhat from that for the other large forgings. 
The stresses are even more complex and it is difficult to 
estimate exactly what maximum stress will be reached. 
Consequently designers must work with a large factor 
of safety and have hesitated to take full advantage of the 
high tensile strength of the special steels. This condition 
is, however, not final and methods of improvement are 
being sought. In one project, a complete redesign of 
the main rod and other parts and the use of special 
steels is contemplated. In another experiment, which 
has already obtained a certain degree of success, the 
rods are made of a strong aluminum alloy. After ex- 
tensive small-scale experiments the Aluminum Company 
of America applied aluminum main, side and eccentric 
rods to one of their freight locomotives on the Alton & 
Southern about six years ago. More recently they have 
co-operated with a large eastern road in experimenting 
with aluminum rods on a modern freight locomotive. 
It seems probable that the experiment will prove to be 


_ entirely successful mechanically and that it may be 


economically justifiable at least so far as the main rod 
is concerned. 

Co-operation in research between railroad and ma- 
terial manufacturer has led to an interesting develop- 
ment of an improved white metal for lining journal 
brasses for cars and locomotives and lateral plates for 
locomotive boxes and crosshead gibs. This material 
consists of a lead containing from 2.0 to 2.5 per cent of 
alloys. It possesses the advantage of a high melting 
point, while its compression strength, hardness anc 
transverse strength are approximately 50 per cent greater 
than those of the standard A. R. A. lining metal. 


The New Car Materials 


In the structural steel plates and shapes generally used 
for the framing and body of passenger and freight cars 
there is not much opportunity for the use of special 
steels. The possible reduction in weight would hardly 
justify the increase in cost. In certain special car de- 
signs high-tensile stainless steel is being tried in an 
extreme effort at weight reduction. A drawback here 
is the loss of stiffness with the very thin plates. Time 
will decide on the success of this attempt. At present 
it can be reported that the railroads are studying the 
possibilities. 

Another experiment which is of great interest is 
the use of aluminum for the construction of freight and 
passenger cars. 

The strong alloy of aluminum has a yield point of 
from 35,000 to 46,000 Ib. per sq. in. and a tensile 
strength from 58,000 to 61,000 Ib. per sq. in. Sections 
approximately the same as those required with mild 
steel can therefore be used. The resulting car structure 
will be less than half the weight of a similar steel 
structure. 

If subjected to heavy shocks, the aluminum, because 
of its low modulus of elasticity and greater deformation 
for the same load, is capable of absorbing considerably 
more shock energy than a steel structure of equal 
strength. The manufacturers’ research work in es- 
tablishing the proper alloys to give sufficient strength 
and the large amount of development work in ingot 
practice and in rolling-mill operation before plates, 
shapes and forgings of railroad size could be produced 
would require an individual paper to themselves. 

For the progress in materials which has been reported 
we are indebted to a thousand alert minds who, while 
making and using car and locomotive materials, have 
been constantly seeking methods of improving them. 
The record is not closed. The good work continues. 
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Present-Day Lighting is in Large Measure Responsible for Passenger Comfort and Beauty of Car Design 


Electrical Energy in Railroad Service 


Economic conditions have not retarded electrical developments — 
Many new transportation facilities provided 


RACTICALLY no railroad activity, be it operation, 
maintenance or engineering, is now carried on with- 
out the aid of electrical energy. Its inherent adapt- 

ability, promoted by the energy and genius of those who 
have worked out its practical applications have made it 
one of the essentials in providing present-day railroad 
service. 

Electric Traction 


Electric traction was first applied to steam railroad 
service in 1895. Its development has been most rapid in 
the last few years and almost within the period of the 
depression its capabilities have been tremendously in- 
creased. New alternating-current traction motors have 
been developed, at the insistence of railroad engineers, 
by the large electrical companies. These motors are 
capable of applying 1,250 hp. continuously to driver 
rims, and, due to improved commutation, voltage con- 
trol makes this power available at practically all operat- 
ing speeds; no longer does power drop off rapidly at 
high speeds. These locomotives require high axle loads, 
but similar motors have also been developed which per- 
mit of distributed axle loads. The same species of motor 
has permitted doubling the power per axle on a.c. mul- 
tiple-unit cars; this reduces equipment costs by allowing 
an increased use of trailers. 

Motor control developments have gone hand in hand 
with improved motor design and with equipment now 
available it is possible to control traction motor currents 
from the primary side of the locomotive transformer ; 
this simplifies the control and effects a net saving in 
weight of about three tons on a 3,000 hp. locomotive. 

Three thousand-volt, direct-current, multiple-unit cars, 
a short time ago considered impracticable, now provide 
excellent suburban service. Mercury-arc rectifiers sup- 
ply dependable 3000-volt power to these cars without the 
support of rotary apparatus. Grid-control of the recti- 
fiers provides automatic voltage regulation. Numerous 
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other applications of grid control are in process of de- 
velopment; one of these will probably result in the use 
of rectifiers as static frequency changers. 

High-speed circuit breakers and extensive research 
work done in conjunction with telephone and telegraph 
companies has practically eliminated the old bugaboo 
formerly called inductive interference and now referred 
to as inductive co-ordination. These same breakers, 
monitored by relays, almost instantly disconnect any part 
of the power supply system which may be in trouble 
and isolate it from the remainder of the system. Sub- 
station breakers can be and are now relied upon to pro- 
tect the locomotives, thus relieving the crowding: of 
apparatus on the locomotive and reducing total costs. 

The “De-ion” principle, as applied to circuit breakers, 
has tremendously increased the value of currents which 
can be interrupted and has also increased the permissible 
number of operations without inspection and cleaning. 

The effect of lightning on transportation systems is now 
dealt with scientifically. Guess-work has been removed 
and lightning brought under control. Knowledge of the 
behavior of lightning has made it possible to design 
transformers which are virtually lightning-proof. 

Power supervisory systems have been made available 
through which all switches on a system may be con- 
trolled and the condition of the circuits indicated to a 
power supervisor. 

Outdoor substations serve to reduce the cost of power 
supply ; it has been found practicable, not only to place 
transformers, switches and lightning arresters out-of- 
doors, but also to house rotating apparatus in sheet metal 
housings and eliminate a major part of the station build- 
ing costs. 


Gas and Oil-Electric Cars and Locomotives 


Gas and oil electric cars as used in the United States 
require power plants of such size that electric drive 
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must almost always be used. This drive is extremely 
flexible and allows building a car for any desired operat- 
ing characteristics. It is particularly effective for oil- 
electric locomotives in switching service and at least one 
railroad management is satisfied that oil-electric loco- 
motives will completely replace steam, for switching 
power, An example of flexibility is offered by three- 
power locomotives in switching and transfer service; 
these take power from the contact system in transfer 
service and develop their own power for switching. 
Operation shows that nine times as much power is used 
in transfer as in switching, but the locomotive operates 
efficiently for both purposes. 


Electric Welding 


Electric and gas welding and cutting have almost 
revolutionized maintenance in the car and locomotive 
shops and serve effectively for a great variety of pur- 
poses in the maintenance field, such as building up bat- 
tered, rail ends, frogs and switches, applying bonds, 
strengthening bridges, etc. 

In the structural field, welding has been shown to be 
more economical than riveting for certain types of build- 
ings and in any case provides a much stiffer structure 
than is possible with riveting. As applied to factory or 
shop buildings employing trusses welding greatly re- 
duces structural costs. It is also most effective and 
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the use of belts, to the high frequency motor which has 
created entirely new possibilities in the field of portable 
tools. 

One of the most recent developments is the totally- 
enclosed motor which, without increase of size, can be 
used in all manner of railroad applications where dust, 
grit and moisture are encountered. Such motors with 
new types of switch gear, known as explosion-proof, can 
safely be used in grain elevators, lacquer rooms and other 
hazardous locations. 

Totally-automatic and semi-automatic control appara- 
tus for pumping plants has been developed to meet a 
large number of railroad requirements. No-fuse pro- 
tection for motor and lighting circuits serves materially 
to reduce costs and to insure against interruption of 
shop operations. 

The enginehouse not equipped with a crane type trac- 
tor for handling rods, front ends, air pumps, etc., is 
exceptional. Load-carrying trucks and tractors for haul- 
ing trailers have become indispensable for moving ma- 
terials in railroad shops and terminals and for handling 
freight at transfer points. 

Motors without commutators, having almost any de- 
sired characteristic, are being developed along with grid- 
controlled rectifiers. Their early applications will prob- 
ably be for large size motors and it is possible they will 
have an important influence in the heavy traction field, 








1250 Horsepower Per Driving Axle 


economical for making additions to existing steel struc- 
tures. 

Welding machines are now made for a great variety 
of purposes and in capacities to meet the greatly in- 
creased rate at which it is now possible to make welds. 
Improved electrodes have been primarily responsible for 
the increase in welding speeds. Worn piston heads, driv- 
ing-wheel centers, cross heads, etc., are now built up by 
means of automatic welding. Mobile tractor welders 
on caterpillar treads, powered by gasoline engines make 
it possible to take the welder to practically any place 
where work is to be done and also supply grinders for 
finishing, and light with which to work at night. 

In the manufacturing field, fabrication of machines and 
of cars has greatly reduced foundry requirements and 
allows for making special equipment at relatively low 
cost. A form of spot welding, known as “shot welding” 
has made possible the construction of light-weight stain- 
less steel cars. 

Motors and Control 


In recent years, control apparatus for motors and 
power circuits has been placed in service which com- 
pletely protects the operator from accidental injury. It 
also protects the motor from injury by improper opera- 
tion. Motors are available for every conceivable applica- 
tion, from the reversing planer motor, which eliminates 


eliminating entirely the now relatively unimportant ques- 
tion of system. 


Electric Heating 


Electric heating has not found wide application, but its 
value has been proved and those who have used it for 
the melting of babbitt and pouring of journal bearings 
consider it indispensable. The accuracy with which it 
can be controlled makes it highly desirable for many kinds 
of heat treating and its use will almost undoubtedly 
be greatly increased. 


Power Factor Correction 


Studies made by railroad electrical engineers have dis- 
closed many possibilities for the saving of electric power 
through the consolidation of services, revamping of con- 
tracts, reduction of peak loads, and the introduction of 
capacitors or permittors. These equipments, which can 
be supplied in relatively small sizes, are placed at stra- 
tegic points so as to reduce the flow of wattless current 
and correspondingly reduce the size of feeder lines, 
transformers, generators, turbines and boilers. 


Power Plants 


For a long time it has been evident that power could, 
in most cases, be purchased by the railroad more cheaply 
than it could be generated and it has been a widely 
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adopted policy to use purchased rather than generated 
power. Now, however, bleeder type turbines are avail- 
able in practically any desired size, a factor which gives 
the railroad an excellent opportunity to bargain with the 
power supply company, particularly when the location 
has use for low pressure steam for heating or other pur- 
poses. 
Air Conditioning 

Air conditioning of railroad passenger cars promises 
to be an effective means for attracting passenger traffic. 
Successful operation of such equipment is essentially a 
matter of power supply and equipment has been de- 
veloped which is adequate for this purpose and which 
will supply as much as 15-kw. of electrical energy from 
the car axle. Paradoxically the principal manufacturer 
of carlighting equipment has developed a steam-ejector 
system of air conditioning which receives power for 
refrigerating purposes from the train steam line. Air- 
conditioning systems not only reduce temperature and 
humidity in hot weather, but also supply heat and mois- 
ture to the car in cold weather. They provide for im- 
proved ventilation and quiet operation, all of this being 
made possible by electric thermostatic control. 


Lighting 


Specially developed lighting facilities are now available 
for practically every railroad application, including pas- 
senger stations, enginehouses, shops, freight houses, 
offices, yards, cars, locomotives and all manner of mis- 
cellaneous facilities, many of which could not be lighted 
by any other means. Data have been developed to show 
quantitatively how much can be expected in the form of 
improved operation and reduced accidents by proper 
lighting. 

The Mazda lamp manufacturers have instigated research 
which has been of inestimable value to the railroads: 
lamps cost only one-fourth of what they did 20 years 
ago; average lamp efficiency has since 1908 been in- 
creased from 3.5 to 13.5 lumens per watt; after 1000 
hours burning lamps still give 90 per cent of their orig- 
inal candle power; in the past ten years the number of 
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defective lamps has been reduced from the small value 
of six-tenths of one per cent to less than one-tenth of 
one per cent. Cost of electric power has also declined 
and it has become decidedly uneconomical to work with 
inadequate light. 

New artistic and compact car lighting fixtures, made 
to conform with the design of the car, add materially to 
the appearance of the interior without detracting from 
the effectiveness of the lighting. Gear and Vee-belt 
positive generator drives have been developed which in- 
sure continuous power supply to these lights and reduce 
or eliminate yard and terminal charging of car batteries. 
The Vee-belts are available both as continuous and open- 
end belts; the latter are equipped with strong durable 
fasteners and have been adapted to both body- and truck- 
mounted generators of various sizes up to 15 hp. 


New Fields for Electrical Apparatus 


Photo-electric cells-are used for a great variety of 
purposes and a railroad man recently showed how such 
equipment could be used for alining movable railway 
bridges, thereby providing, if desired, for remote opera- 
tion. 

A communication system for trains, employing the 
running rails and any convenient wayside wire, without 
interference with its other functions, has been recently 
demonstrated. It will probably be used for communica- 
tion between the head and rear end of long freight trains, 
between nearby trains, and between trains and wayside 
points. 

Recent experiments have shown that extremely high- 
frequency radio signals operate over short ranges only 
and do not cause interference with important radio chan- 
nels. This method offers another possibility of short- 
distance communication. Similar short waves are also 
being employed experimentally by a railroad to exter- 
minate the weevils which destroy wheat and other grain. 
They do this effectively without damage to the germinat- 
ing qualities of the grain. The annual loss due to train 
spoilage, which the process aims to eliminate, is two 
billion dollars annually. 


Mechanical Division Holds Limited 
Meeting at Chicago 


At an open session, the General Committee hears and 
discusses the report presented by the chairmen 
of the standing committees 


year in June by the Mechanical Division of the Amer- 

ican Railway Association, the meeting this year was 
confined to an open session of the General Committee, 
held at Chicago on June 27, at which chairmen of the 
standing committees and a few other members were 
present and at which the reports of the standing com- 
mittees were presented. Although full committee meet- 
ings have been somewhat curtailed during the past year, 
the reports as a whole indicated that the work of the 
association has made definite progress during the year. 
Fifteen reports were presented. 


7 lieu of the customary annual meeting held each 


Report on Locomotive Construction 


The report of the Committee on Locomotive Con- 
struction was divided into a consideration of 10 subjects, 
including the counterbalancing of locomotives, high- 
pressure pipe fittings, advantages of high boiler pressure, 
oil-electric locomotives, application of steel tires to wheel 
centers, locomotive springs, injector details, a study of 
failed parts of locomotives, roller bearings for loco- 
motives and tenders, and the use of stainless steel in 
locomotive construction. 

The recommendations of the committee regarding the 
details of locomotive construction mentioned were de- 
veloped as a result of careful investigations during the 
year by subcommittees and will have an important bear- 
ing on improved locomotive performance. In that part 
of the report devoted to high boiler pressures, a sum- 
mary was given of existing experimental installations 
and attention was called to the advantages of stainless 
steel for valves and valve seats ; also of nickel-steel plates 
for boiler construction, which provide the requisite 
strength with approximately 30-per cent reduction in 
weight. 

In connection with the development and use of oil- 
electric locomotives, the committee presented additional 
operating statistics for the year 1932. One table showed 
the results obtained with ten 300-hp. oil-electrics operated 
in railroad service at an average cost of $2.35 per hour, 
exclusive of depreciation and fixed charges, this cost 
being reduced to $2.21 per hour with a one-man crew. 
Similarly, the average operating cost for four 600-hp. 
oil-electrics was $3.05 per hour. The committee called 
attention to the reduced terminal conditioning expense 
with oil-electric power and said that its adaptability as 
regards clearances, concentrated weight, ease of opera- 
tion over sharp curves, quick acceleration and absence of 
smoke, recommends it for switching service, especially 
when the steam power employed has reached a service 
life at which it is due for replacement by new power in 
the interests of reduced maintenance and more eco- 
nomical operation. 

The committee called attention to the adaptability of 
roller bearings to all locomotive and tender axles. In 
connection with the present application of roller bearings 
to engine-truck axles on 432 locomotives on 12 railroads, 


the committee reported as follows: “A study of these 
installations leaves no doubt as to the decided improve- 
ment in service obtained, in freedom from hot boxes, 
elimination of hub-heat checking, reduced cost of lubri- 
cation, inspection and maintenance in general, and in- 
creased safety. Aside from the initial cost of applica- 
tion, it does not appear that there can be any legitimate 
excuse to order new power without roller bearings, at 
least in the engine trucks, and it is evident from replies 
received that the extra cost is entirely justified by better 
locomotive performance and subsequent economies in op- 
eration.” 

Referring to driving-axle bearings, which have been 
applied to six locomotives on four roads, the committee 
said: “While the application of roller bearings to loco- 
motive driving axles presents a more difficult problem 
than to the engine truck, the improvements to be gained 
are even more important and desirable.” 

The committee also called attention to possible future 
applications of roller bearings to other parts of locomo- 
tives than to the axle mentioned. It referred to the de- 
velopment of roller bearings for side and main-rod ap- 
plications; also to valve motion parts, in which it is 
hoped to reduce the lost motion due to wear, curtail 
maintenance expense and secure more accurate steam 
distribution. The committee expressed the opinion that 
an increasing number of new locomotives will be 
equipped with roller bearings. 


Report on Car Construction 


The Car Construction Committee reported on the 
present status of the five sample steel-sheathed wood- 
lined box cars, which are now being constructed by the 
Pressed Steel Car Company, a member of the American 
Railway Car Institute. As soon as they are completed, 
these cars will be subjected to certain static and impact 
tests and then placed in operation on a number of roads 
in order to obtain additional performance data in actual 
service. The committee reported that it is working on 
the design of standard 50-ton and 70-ton self-clearing 
hopper cars under the same program of procedure which 
was followed last year in designing the steel-sheathed 
box car, and that work on a projected standard refriger- 
ator-car design will be held in abeyance until the pre- 
ceding work is completed. 

The committee also submitted recommendations re- 
garding various details of design, such as truck springs, 
spring planks, rail-motor-car axles, brake beams and 
heads, center plates, box-car door fixtures, hand brakes, 
steel castings, safety chains, etc. 


Couplers and Draft Gears 


This committee reported that a total of 11 applica- 
tions for approval tests of draft gears were received 
from six manufacturers. Ten complete or partial tests 
were made at the American Railway Association draft- 
gear laboratory at Purdue University under the imme- 
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diate supervision of the A. R. A. draft-gear engineer 
and, as a result of these ten tests, certificates of approval 
were granted covering the following types of gears for 
ag service: Waugh-Gould Type 403, National 
Type, M-17-A, Cardwell-Westinghouse Type NY-11-E, 
Miner Type A-22- XB, Cylinder D-7935, Miner Type 
A-2-XB, Cylinder No. D-7940 and Cardwell Type 
L-25-SA. 

The committee recommended the insertion of a new 
paragraph in the standard specifications, covering test 
set-ups and definitions, and also recommended that road 
tests be undertaken as soon as business conditions per- 
mit, for the purpose of ascertaining the effects of draft- 
gear recoil in long trains and to investigate the Duryea 
and the Alma cushion underframes and draft gears of 
selective-travel type. 

The committee also recommended revised coupler con- 
tours for the standard Type-E coupler, which promises 
an increase in coupler strength of 5 per cent, wear limit 
for various parts up to 40 per cent, gathering range 15 
per cent and provide an increased factor of safety. 


Report on Brakes and Brake Equipment 


At the 1931 meeting of the Mechanical Division, the 
Committee on Brakes and Brake Equipment submitted 
proposed details, dimensions and specifications for the 
No. 2 plus brake beam. The purpose was to make the 
beam standard in all details, as well as in outlining 
dimensions and specifications. In the discussion at the 
meeting, objections were raised to certain details. There 
was a particularly insistent demand for an increase in 
certain dimensions of the brake head to provide greater 
resistance to brake-head and brake-shoe wear. Follow- 
ing the meeting, the matter was referred back for joint 
consideration of several interested committees and sub- 
sequently, after certain revisions, a proposal was sub- 
mitted to letter ballot and defeated. 

In this year’s report, the committee again submitted 
proposals after joint consideration with the manufac- 
turers for a standard to be known as the No. 15 brake 
beam, which differs from the No. 2 plus beam in that it 
has a deeper strut. It also includes modifications in the 
brake head and shoe to effect greater resistance to wear 
and modifications in the steel back of the shoe to reduce 
the tendency for brake-shoe breakages. Drawings sub- 
mitted with the report give complete details of the pro- 
posed No. 15 brake beam. 


Report on Wheels 


The Committee on Wheels has for years been working 
closely with the manufacturers of the various types in 
the development of designs and manufacturing processes 
to improve the reliability and economy of wheel service. 
This year’s report records progress in this continuing 
phase of the committee’s work, in the conduct of which, 
it has co-operative relations with the Association of 
Manufacturers of Chilled Car Wheels, Association of 
Steel Manufacturers’ Technical Committee and the 
American Standards Association. 

A year ago the committee was requested to develop in- 
formation to show the mileage made by various types of 
wheels. As a result of many years’ studying of this 
phase of wheel service, the committee has found so many 
difficulties in the way of securing information for satis- 
factory mileage comparisons that it is endeavoring to en- 
list co-operation of the members of the association in 


securing data relating to the defects which cause the 


removal of wheels from service, rather than to attempt 
the almost impossible task of establishing an average 
mileage life for all types of wheels in all types of service. 
Toward this end, the committee has devoted itself to the 
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development of the table of symbols for wheel defects 
and forms for recording and classifying the defects 
which cause removal. This information, it is believed, 
when analyzed, will form the basis for constructive action 
toward further improvement in wheel service. 


Loading Rules, Prices and Rules of Interchange 


The Committee on Loading Rules worked during the 
past year on the important task of simplifying the rules 
and, at the same time, reducing the size of the book of 
rules. With those objectives in mind, the general rules 
were rewritten, effecting a saving of 50 per cent in the 
number of words. The work of revision is not yet fin- 
ished, but the complete revision is expected to be in the 
hands of the secretary in time for publication on or be- 
fore January 1, 1934. 

In order that the rules covering the prices for labor 
and material may provide an equitable basis for inter- 
road billing, the committee on this subject continued the 
work of analyzing costs and recommending necessary 
changes in the rules of the freight- and passenger-car 
codes, with a view to determining and recommending 
necessary changes to be made i in the supplement, effective 
August 1, 1933. ; 

The Arbitration Committee: feported decisions on 19 
cases during the year, namely, No. 1702 to 1720, in- 
clusive, copies of these decisions being made a part of 
the report. 


Lubrication of Cars and Locomotives 

In reporting on the subject of car lubrication, the 
committee stated that notwithstanding the forced curtail- 
ment of operating expenses during the past two years, 
there has been a continued improvement in hot-box per- 
formances, mileage records upwards of 800,000 miles 
per failure being no longer uncommon in freight serv- 
ice. The committee called attention to the continued 
successful use of all-year car oil by a number of roads 
in various parts of the country and advocated a more 
extensive use of this oil in the interests of further re- 
ductions in hot boxes. The committee presented recom- 
mendations regarding the testing of oil for impurities. 
As regards locomotive lubrication, the committee made 
specific recommendations regarding the lubrication of 
cross-head guides, brake and spring rigging parts, etc. 


Automotive and Electric Rolling Stock Reports 


The Committee on Automotive Rolling Stock reported 
that 763 power rail cars were placed in service between 
1923 and 1931, the average horsepower per car steadily 
increasing from 97.5 in the former year to 446 in the 
latter, indicating that the demand for light motor cars 
has steadily decreased. The committee commented on 
the importance of maintenance, which will be covered 
more fully in next year’s report. 

The Committee on Electric Rolling Stock reported 
progress in a study of factors affecting cement de- 
sign, maintenance and operation. It stated that no new 
electrification projects were started during the past year, 
but that a total of 62 electric locomotives were placed in 
passenger service and two electric locomotives in freight 
service between New York and Philadelphia, Pa., on 
the Pennsylvania. The major part of the report was de- 
voted to a consideration of methods of cleaning traction 
motor equipment in place on locomotives and methods 


of cleaning ventilating air before passing through the 
equipment. 


Other Reports 


For the Joint Committee on Automatic Train Line 
Connectors, H. A. Johnson; director of research, re- 
(Continued on page 69) 





urchases and Stores Division, A.R. A., 
Considers Year's Work 


day meeting 





G. E. Scott 


Chairman 


not to hold this year, the General Committee of the 

Purchases and Stores Division, American Railway 
Association, met with the chairmen of the subject com- 
mittees on June 25 in Chicago to receive the reports of 
the work accomplished during the year and to take such 
action as was necessary to continue the work and make 
the information available to members, pending the next 
convention of the division. Approximately 60 purchas- 
ing and stores department officers and supervisors were 
in attendance at this meeting, including Chairman G. E. 
Scott, vice-chairman C. B. Tobey and Secretary W. J. 
Farrell. There being no election, these officers will con- 
tinue to hold office until the next convention. The meet- 
ing was held behind closed doors and certain of the 
business was not made public, but the problem of railway 
co-ordination was obviously one of the chief concerns 
of the members. M. J. Gormley, president of the A. R. 
A., attended the meeting, and the general sentiment ap- 
peared to reflect a readiness to co-operate in the co- 
ordination work. 


| N place of an annual convention which it was decided 


Increased Efforts to Secure Adoption of Recommendations 


That an increasing effort is being made by the division 
to secure a more general adoption of its recommenda- 
tions was evidenced by a paper which U. K. Hall, general 
purchasing agent of the Union Pacific, had been called 
upon to prepare for the meeting. “While in an organiza- 
tion such as ours,” Mr. Hall said, “it is not possible, and 
probably not desirable, to attempt to issue obligatory 
instructions, when a subject has been carefully con- 
sidered by a committee of our division and recommended 
as standard practice, then put to a vote in convention 
after surviving discussion on the floor of the convention, 
we should seriously consider whether any of the mem- 
bers or representatives of the individual roads have the 
moral right to set up their own judgment against the 
judgment and vote of the convention.” Among the 


recommendations of the division mentioned were the 
complete segregation of the departments of purchasing, 
handling and disbursing of materials and supplies from 
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W. 4. Farrell 
Secretary 


the using departments; also the adoption of a standard 
stock book or stock record and a standard material classi- 
fication. 

A report of the Committee on Stores Statistics, pres- 
ented by O. A. Donagan, general storekeeper, Boston & 
Maine, carried the announcement that a joint committee 
of accounting and supply officers has been formed for 
the purpose of making a detailed study of stores expense 
on at least three railroads. 

A report presented by C. R. Painter, purchasing agent, 
New. York, New Haven & Hartford, suggested that 
shipping notices should be standardized and made of the 
same size and form as the simplified invoice. It was 
also reported that 500 forms have been supplied with 
the telegraphic code and that the secretary of the division 
will endeavor to have the Postal Telegraph Company 
and the Western Union Telegraph Company include the 
telegraphic code in their code books. The use of this 
telegraph code, the report stated, effects an average sav- 
ing of about 27 per cent in telegraphic expense. 

In an extended and detailed report on the subject of 
reclamation, a committee of which J. J. Collins, general 
foreman, scrap and reclamation plant of the Erie, was 
chairman, advocated the development of centralized 
shops for reclaiming roadway tools and made the fol- 
lowing statement in support of its views as to the 
economy of centralizing the handling of scrap: 

Certain railroads have found that, by centralizing their scrap 
at one point, they have been able to recover good material with- 
out repairs amounting to as much as 6 to 12 per cent of tonnage 
handled. It is estimated that the value of this material is between 
$50 and $75 per ton. A railroad handling 20,000 tons a year, 
based on 6 per cent, saves 1,200 tons of good material at $50, 
resulting in a saving of $60,000 in the purchase bill. This, of 
course, does not include certain items of material that are 
picked out for reclamation. Then too, the scrap prepared would 
net an average of at least $1 to $2.50 a ton, effecting further 
savings of between $20,000 and $38,000 as a result of preparation 
and increased prices. One railroad presented figures indicating 
that by centralizing its scrap handling at one point, and by 
preparing its scrap, it was able to increase the percentage of 
mill scrap from 73 per cent to 99 per cent, obtaining an increased 
revenue of $25,000 as a result of preparing 10,600 tons of scrap 
which was sold as yard scrap before. 
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Reports released for publication, subject to approval 
or revision at the next convention are presented in part 
below, with the exception of the papers of the winners 
of the annual essay contest and certain incomplete re- 
ports which will be published in later issues. 


Material Guarantees 


M. E. Towner, Chairman* 


After canvassing the field for information as to the practice 
being followed, the committee decided that there should be a 
written expression, clearly defining the responsibility of manu- 
facturer, producer, agent, contractor, or such parties as supply 
the material: The guaranty may be limited, that is, limited re- 
sponsibility of the guarantor, or full and complete, which binds 
guarantor to a full and complete warranty. It was pointed out 
that manufacturers who fully guarantee their products are pri- 
marily liable, under the law, for material failures of any nature. 
The form or wording of the guarantee should be left to the 
particular railroad making the purchase or the contract wherein 
material is specified, bearing in mind the ability of the guarantor 
to fulfill the terms and conditions. It was also pointed out that 
some guarantees cover a long time period, such as 10 years or 
more. 

So far as is possible, the guarantee should be specific as to 
what constitutes a failure, inherent or otherwise, of the particular 
item coming under the guarantee. In case of failure, a complete 
statement of facts should be promptly obtained in order to handle 
with the. vendor. 

Many railroads, as well as many manufacturers, have a defi- 
nite heey of materials to which a definite material guarantee is 
applie 

While it is true that specifications, either manufacturer’s or 
purchaser’s, and a guarantee are usually separate, it is equally 
true that within the terms of contracts specifically applying to 
the purchase of materials, reference is at times made to “the 
described material” made in accordance with “defined specification 
herein and is guaranteed to, etc.” 

In the case of a guarantee such as may now be regularly 
offered and accepted, attention is called to clearly defining the 
manufacturer’s responsibility beyond ordinary inspection and as 
applying to hidden defects. 


Direct Results from Indirect Purchases 


Christian M. Woodward} 

Left to themselves, contractors will purchase material at the 
lowest price obtainable among the sources of supply known to 
them, with little or no attention to method of delivery, or appre- 
ciation of the railroad’s peculiar relation to manufacturers or 
sellers. The purchasing agent, in his effort to wield the maxi- 
mum influence of his experience for the greatest benefit to his 
railroad, should control these purchases. 

Construction contracts are known as “lump sum,” “unit price,” 
“fee” and “percentage” contracts and involve a combination of 
two or more of these types. In preparation of all such con- 
tracts, elements of flexibility should be included to insure the 
full benefit of the purchasing agent’s action. A clause should 
provide for co-operation between the contractor and purchas- 
ing agent, and, in “lump sum” or “unit price” types of contract. 
a credit to the railroad equal to any cost reduction effected 
through the purchasing agent’s efforts. “Fee” and “percentage” 
contracts, by their nature, will reflect the savings developed by 
the purchasing agent’s procedure. 


Buying Contractors’ Supplies 


Every contract, of whatever type, should be worded to per- 
mit the railroad to furnish the contractor any satisfactory 
which the former may have as surplus, with appropriate 
creait 

It is important that materials entering into construction work 
be of the best, and nearly every railroad has time-tried specifi- 
cations for many of the required items. These specifications 
should be incorporated in the contract or other adequate standards 
should be substituted. Thus the practice of approximating 
specifications by the use of a manufacturer’s name is avoided, 
and the scope of supply sources correspondingly widened, with 


+ General Purchasing Avent, Western Maryland. 
t Office of Purchasing Agent, Pennsylvania. 
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a proper proportion of the railroad’s interest fully maintained. 
For those items which are not covered by any specification, sub- 
mission to the contractor of the railroad’s approved list of manu- 
facturers or sellers will serve as an adequate safeguard. 

A brief outline of the several salient steps in such a plan 
of buying is as follows: 

The engineering department, upon requesting bids for a given 
project, sends to the purchasing agent a copy of the invitation, 
the specifications, list of prospective bidders, and the approximate 
cost, followed by a copy of the award when made. The con- 
tractor then prepares for the engineer-in-charge a list of the 
kinds and quantities of materials required for the general con- 
tract and sub-contracts, a copy of which is sent to the purchas- 
ing agent for his recommendation as to prospective sources of 
supply. 

From his records and experience, the purchasing agent sub- 
mits to the contractor the names of the firms who should be 
requested to bid, with the understanding that the contractor may 
supplement such a list by adding the names of any other firms 
he may desire to include. Upon receipt, the bids are tabulated 
by the contractor, and submitted to the engineer-in-charge, who 
transmits them to the purchasing agent with the recommendations 
of the contractor and himself. 

The purchasing agent, after consulting with the stores depart- 
ment concerning the possibility of furnishing the material from 
railroad surplus, considers all phases of the transaction, involv- 
ing the point of origin of the material, f.o/b. point, point of use, 
price, quality, delivery, ability of the prospective seller, and 
other pertinent factors. A joint decision is reached and the con- 
tractor is then authorized to complete the transaction. 


Purchases and Traffic 


Keen competition, particularly with the current decrease in 
volume of purchases, often impels a seller to claim that the rail- 
road’s purchases of his product have been negligible. It is 
equally frequent that purchases by a contractor from that seller, 
for railroad work, have amounted to a considerable sum, and, in 
such a conference with vendors and potential shippers, the 
purchasing agent’s record of these indirect purchases is a potent 
argument. Furthermore, a direct increase in revenue accrues 
through insistence by the purchasing agent that materials for such 
projects be shipped by railroad. 

The maintenance of quality is an important result of this 
procedure. It is doubtful that the contractor’s knowledge of the 
performance of materials and apparatus, under actual working 
conditions on railroads, can equal that of the railroad’s engi- 
neering and mechanical departments, and consequently, the pur- 
chasing agent’s experience, his consultation and prior knowledge 
of the requirements and specifications of the engineering and 
mechanical departments of his railroad, are factors in efficient 
operation that cannot be safely ignored. 


Handling Materials 
J. G. Stuart, Chairman’ 


During the past year, there was a further tendency to con- 
centrate material in fewer locations and points of distribution 
and in this way decrease the handling cost as well as the amount 
of material carried. In a number of cases, it has been found 
economical to discontinue supply trains and substitute supply 
cars handled in local trains. These supply trains or supply 
cars are now making a distribution every 60 days instead of 
30 days. Other roads are loading “sailing” cars at specified times 
during the month. The material in these cars is distributed 
to stations, sections, pump-houses, roundhouses, small repair 
tracks, etc. The material is properly way-billed, loaded in cars 
in station order and scheduled for certain trains, and the sched- 
ules are published so that everyone interested will know the 
approximate time of arrival ‘of the trains. The material is 
handled by the train crew the same as they handle other local 
material. In some cases, these cars are returned to the store 
with all of the old material gathered along the line, such as 
track tools, empty oil drums, oil cans and bad-order or surplus 
material of all kinds. 

Various types of skids have been developed for loading par- 
ticular classes of material. Where a large quantity of oll is 
shipped from the distributing point to some other point, tanks 
holding up to 500 gal. can be built on skids, which makes it 
possible to handle 500 gal. on one skid. 

Further development is suggested in delivering material around 
large terminals. When material is furnished from a general 
store and shipped to large treminals, the material for all depart- 
ments can be loaded into one car and sent to one location and 
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from that location the balance of the material is distributed to 
the various locations by truck, avoiding delays to cars and the 
extra switching of cars, and permitting delivery of the material 
to its destination in less time. Several railroads have developed 
a trucking service under the stores department, which does 
practically all of the hauling in and around large terminals, 
including the hauling of men for master carpenter work, for 
car repairs at out-of-the-way places, and for replacing derailed 
cars on track where it can be done without calling out the 
wrecker. 

The committee recommended that special effort be made to find 
the machines, equipment or methods best suited to the par- 
ticular condition. A careful check of the cost of the work should 
also be made and a careful estimate of the cost under the pro- 
posed new methods. Two examples are as follows. 


Example No. 1 


Statement of savings effected by the purchase and use of one 
lift-type electric truck, one hand lift truck, 190 skids and wood 
boxes for stores department. Period of operation, October, 
1929, to May, 1930, inclusive. 


Former Facilities 








4 blacksmith helpers ........ 183% days at $17.60 $3,229.60 
2 material handlers ......... 183% days at 7.52 1,379.92 
Car-department tractor ...... 183% days at 2.25 512.87 
Delivering 503 tons brake beams at $.20 per ton.... 100.63 
EE. 5. 1 oc cekeeneres bee Veen sdeeees $5,233.02 
Present Facilities 
1 electric lift truck, 1 hand lift truck, 10 steel trays, 

139 skids and 85 tops. Cost of installation...... $4,712.23 
ee ree 183% days at $4.32 $792.72 
Recharging CoSt ....ccscccces 183% days at .66 121.11 
THe OE GUNS cceee cecsescee 183% days at -05 9.18 

PURGE GUE dc ccccdcceeceeennepicecicess $923.01 
Interest at 6 per cent on investment of $4,712.23... $188.49 
Depreciation of 15 per cent on investment of 
DRFEED See teve Cec wes ccceuceceeedeenesensses 471.22 
$659.71 
SS ET CT TE ere Te ee $5,223.02 
BE GERD cicctenddvaationenccaeeebbawerees 923.01 
DE Coda assiedeennteoes hadonenrnceteey $4,300.01 
Convging CE na cise cecvecceccanceseces 659.71 
EE once seenedbeeseeees iemareesees $3,640.30 
Per cent of savings: 
3640.30 77 per cent on 8 months or 
4712.23 115 per cent per year 
Example No. 2 
Proposed installation of lift trucks and skids. 
Proposed Equipment 
1 pores a —_ (stnnic) Pe eT rT 
eT rr rr rrr re 
SD le ee CE GE) bc ccc evenwrssscervevseesccededd $7,650.00 
ee ce Rae Wie Me eee beeen ene ee ees 
Annual Carrying Charges 
Interest on investment.............. at 6 per cent $459.00 
Depreciation on $3,000..........+4.. at 20 per cent 600.00 
Depreciation on $4,650..........-+-- at 15 per cent 697.50 
PGES hvtecccsceccercsecscenevess at 5 per cent 382.50 
$2,139.00 
Annual Operating Costs 
1 operator at $.50 per hr.......seeereecceecccccce $1,224.00 
Annual carrying and operating charges..... yee eeeccccscecoece $3,363.00 
Proposed Savings Based on Working Six Days Per Week 
1 tractor operator.......ccceccccece at $.50 per hr. $1,224.00 
CE eb hc cceseretesscvcccceos at $.35 per hr. 5,140.80 
Total annual saving ....... occ ccc ccccccccecccencccens $6,364.80 
Less annual carrying and operating charges............++6- $3,363.00 
WE GE kc kecewiccccccecvedonsesservetateeesescsecs $3,001.80 

This makes a gross saving of 83 per cent, or a net saving of 39 per 

cent, after deducting all of the operating and carrying charges. his 


equipment was authorized and purchased and, after having been in 
service over four months, a report was made showing that the actual 
pay-roll saving was equivalent to $7,320 a year. 


Exchange of Surplus Material 


A. W. Munster, Chairman* 


The committee recommended in 1932 that each railroad adopt 
an efficient unit in its purchasing and stores organization for the 
control and sale of surplus materials primarily to other rail- 
roads; that accurate and completely-described items of materials 
by classes should be circularized; prompt shipment to be made 
after sale, and a confidence between the carriers developed by as- 
suring that material subject to consignee’s inspection at destina- 
tion would be as advertised. 

At a meeting in New York on January 13, 1933, it was recog- 
nized that satisfactory results could only be obtained if all of the 


* Vice-President, Boston & Maine. 
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using departments were instructed to co-operate to the fullest 
extent in making use of new or second-hand materials, ready 
for service, secured from other railroads. This co-operation 
could only be obtained through the approval of the plan by the 
presidents of each railroad. 

The plan was placed before the Committee on Elimination of 
Preventable Waste of the Presidents’ Conference in the Eastern 
Territory and resulted in the issuance of a circular dated Feb- 
ruary 23, 1933, by the Presidents’ Traffic Conference—Eastern 
Territory, that the following practice be observed by Eastern 
railroads: 

“That carriers in the Eastern region currently circularize lists 
of surplus materials according to A. R. A. Classification with 
accurate and complete details and specification references. 

That railroads receiving such lists check them carefully against 
their needs and purchase such surplus materials from other 
carriers to the greatest practical extent. 

The surplus new materials are to be sold at 75 per cent of the 
current market price, and the second-hand materials ready for 
service at 50 per cent of the current market price of similar new 
material; the market price to be the current cost f.o.b. line of 
road of the seller; materials to be sold f.o.b. the nearest junc- 
tion point of the purchasing railroad; terms of payment to be 30 
days net after receipt of invoice. 

The material is to be shipped subject to inspection at point of 
origin or destination as may be agreed upon by seller or pur- 
chaser. 

With the reduced purchases, very little material has been 
sold between railroads, but the committee recommended that the 
Presidents’ Conference groups in the other territories be advised 
by the president of the American Railway Association of the 
action taken in the Eastern group, and that all railroads be in- 
structed to put the plan into effect for the sale and purchase oi 
surplus materials between railroads. 


Stationery and Printing 


J. T. Van Horn, Chairman* 


Expenditures made for stationery and printing by Class-] 
railroads for the past six years were as follows: 


a $26,840,000 2, eee $32,100,000 
i ee 25,638,000 1931.2... 21,680,000 
Le 25,567,000 1932...... 15,320,000 


It was recommended that railroads should adopt two grades 
of printed letterheads, one for executive departments and one 
of a cheaper grade for all other departments to be used ex- 
clusively for outside correspondence, and that plain paper should 
be used for all inter-departmental correspondence. The size 
of all letterheads, as well as second sheets, should be 7% in. by 
9% in. 

Reports received from various railroads indicated that a subh- 
stantial saving is being accomplished through the adoption of a 
7¥%-in. by 91%4-in. size for printed forms as well as letterheads. 
Railroad A reported that over 300 forms have been reduced to 
this size. Railroad B reported a saving of $527 through the 
adoption of this size for a number of forms, as well as all letter- 
heads. Railroad C reported the recent adoption of this size letter- 
heads and the intention to apply it to various forms as they are 
reprinted. Railroad D has adopted this size for inquiry as well 
as order blanks. Railroad E has changed 65 forms to this size, 
as well as to size 434 in. by 7% in. Railroad F has changed 24 
forms to this size. Railroad G has changed 393 forms to this 
size. These changes have been made without violating Railway 
Accounting Officers’ Association regulations regarding the adop- 
tion of size 8% in. by 11 in. for waybills and other forms. 

The committee secured samples of trip passes, trip pass re- 
quests, courtesy pass requests, -personal expense account blanks, 
postage stamp requisitions and register stickers from the mem- 
ber roads. Six samples of trip passes received were different. 
It was recommended that size 3 in. by 5 in. be adopted. Trip 
and courtesy pass requests and personal expense account blanks 
were also various sizes, and it was recommended that these 
forms should not exceed 7% in. by 9% in. This also applies to 
purchase order forms. 

On the majority of railroads, printed tariffs are the largest 
single item of expense on stationery and printing account. The 
committee endeavored to secure comparative cost figures from 
railroads who print tariffs in their privately-owned printing 
plants, and those purchasing them from outside printing and 
planographing concerns. One railroad reported an average cost 
of $2.47 per page per 1,000 copies for 14,598 pages of compo- 
sition comprising 33,505,000 printed pages. Another railroad has 
all tariffs planographed by an outside concern at an average cost 
of $2.77 per page per 1,000 copies for 5,645 pages of compo- 





“* Stationer, Missouri Pacific. 
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sition, comprising 8,152,000 printed pages. Of this total, 2,588 
pages of composition were written by the railroad and finished 
for reproduction, at a saving of 58 cents per page. 

One member line is furnishing mechanical. pencils free of cost 
to employees in certain departments. Another road is con- 
templating adopting this plan. Another road has been selling 
mechanical pencils to their employees at cost, and supplying 
them with the leads free of cost. During the years 1929 and 
1930, this road’s consumption of No. 1, 2 and 3 wooden pencils 
was 4,025 gross and the consumption of leads was 245 gross 
tubes, with 18 leads to the tube. The total cost was $8,513. 
During the years 1931 and 1932, the consumption of No. 1, 2 
and 3 wooden pencils was 915 gross and the consumption of leads 
192 gross tubes, 24 leads to the tube. The total cost was $2,574, 
a saving of $5,938, as compared to previous two-year period. 
The 1931 and 1932 total combined cost was $323 less than the 
total for the year 1930 During the four-year period, it sold to 
employees 12,538 mechanical pencils, ranging in price from 10 
cents to 30 cents each. 


Inventories and Material Marking 


U. K. Hall, Chairman* 


The committee prepared a questionnaire which was sent to 
various railroads, and a general synopsis of replies received, is 
as follows: 


Inventory 


On what date do you take annual inventory? The replies 
showed that a preponderance of the roads take their annual 
inventory on October 31 and that the majority of the roads take 
their annual inventory at one time. On some roads, certain 
classes of materials for the entire road are taken at the close 
of the various months’ accounts, thus continuing the operation 
throughout the year instead of taking it at one time, although 
under this method all materials are adjusted during the fiscal 
year period. Under this method the inventory average or short- 
age, as adjusted throughout the year’s period, does not seriously 
affect operating expenses at any one time. This also spreads 
the work out over a greater period of time and does not upset 
the organization to take care of the work at one period. 

Where the inventory is taken at one time, any adjustment 
affects the operating accounts, and where the inventory is taken 
near the close of the year, the amount has to be disposed of 
before the end of the fiscal year and may seriously affect the 
operating expenses of the closing months. However, an argu- 
ment for taking the inventory at one time is that the organization 
is arranged so that the work is compiled and completed at once, 
and the work finished. 

It was also found that some roads stagger their inventories 
by ‘taking a complete inventory of various divisions or territories 
during specified months in the fiscal year. This, of course, can 
only be done where a separate balance sheet, by divisions or 
territories, is kept, in order to permit the balancing of the in- 
ventory as against the material on hand accounts. 

_ An argument which most roads present in favor of taking 
inventory in the latter part of the year is that generally the main- 
tenance of way program is completed by that time, and the in- 
ventory does not interfere with the work, and that a more 
accurate inventory is thus obtained. 

What special or general preparation is made prior to inventory 
time? The answers to this questionnaire developed the fact that 
on most of the roads, practically no special preparation has to be 
made for materials at store points, where stocks are in a con- 
dition to be counted at all times. 

_ As to line stocks, a number of roads hold meetings with super- 
intendents and the heads of using departments review the in- 
ventory with instructions received from the auditor, ascertain 
the condition of the stock, discuss any questions pertaining to 
the accounting and listing of such stock, and thus assure that 
the stocks are in a condition to be quickly and correctly in- 
ventoried. 

What method of listing is used? It was found that there are 
three methods generally used for listing materials; namely, the 
inventory card, the inventory form, or listing the material in the 
regular stock books. The latter method can only be applied to 
store stocks, as items of line stocks are not listed in stock books. 
W here stock books are used, it is necessary to use a form that 
will permit the pricing, extending and compiling of totals. Some 
roads use blank cards and blank forms, writing in the description 
of the material when the count is made. Some have cards and 
forms typewritten in advance from the stock book or from the 
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previous inventory record. Where bin pricing is in effect, all 
quantities are entered and prices noted at the same time, 

If any class of material, such as locomotive fuel, rails, ties, 
etc., or other large or special classes is inventoried more often 
than annually and the result used for adjusting the material and 
supplies balance, state dates upon which each such inventory is 
taken for each class and if the material-on-hand accounts are 
adjusted accordingly. Of the roads reporting, 46 take no trial 
inventory between inventory periods, but depend upon the annual 
inventory for any adjustments. A number of roads take such 
inventory of fuel, cross ties, rail and other large items at stated 
periods and the accounts are adjusted throughout the year’s 
period, thus preventing: any large fluctuations at the time of the 
annual inventory. 

Is inventory taken of all unapplied materials and supplies, in- 
cluding material at shops, enginehouses and repair points, material 
on line in custody of using departments, and all usable second- 
hand material at all store points? Of the roads answering the 
questionnaire, 68 take an actual inventory of all unapplied ma- 
terials and supplies at small shops, enginehouses and repair 
points, where the material is in the custody of the using de- 
partments and all usable second-hand material at such points is 
also inventoried and listed. Some roads charge out the material 
shipped to these small points at the time the material is shipped 
and do not carry it in the material-on-hand account or take it 
into the inventory. 

What class of employees do the counting and listing of the 
items on the inventory records? The replies indicated that stores 
department employees count all stocks in custody of the stores 
department and at small mechanical-department points. A num- 
ber of roads report that the accounting department assists in the 
listing of such items. 

Where and by whom are these inventories priced, extended 
and completed? Of the roads replying, 46 handle the inventory 
entirely by stores-department organization, while 24 handle it 
entirely ‘by the accounting department, and 26 railroads list and 
price the inventory in the stores department, the final extensions, 
compilation and adjustments being handled by the accounting 
departments. 

What method is used in connection with prices applied to in- 
ventories? Are the prices based on actual cost, plus freight 
charges paid foreign line, or are current market prices pre- 
vailing at the time inventory is taken, applied? The replies de- 
veloped that prices are based on the actual cost plus foreign 
freight charges, discounts, etc., on 93 railroads, while the prices 
are based on prevailing market prices at time the inventory is 
taken on three railroads. Practically all roads are taking into 
consideration all items entering into the cost of materials; that 
is, the purchase price, freight charges paid, discounts deducted, 
etc. 

Who renders final compilation showing net results? The re- 
plies indicate that the stores department renders the final com- 
pilation on 38 railroads; the accounting department on 53 rail- 
roads; and the stores and accounting departments, jointly, on 
3 railroads. 

Who conducts the investigation and renders explanation as 
to adjustments? The committee developed that the adjustment 
and explanation is rendered by the auditor on 21 railroads; by 
the purchasing and stores departments on 46 railroads; and 
jointly by tthe auditing and stores departments on 23 railroads. 

Who is held responsible for taking inventory of material and 
supplies at smaller points in charge of the using departments? 
The replies developed that responsibility for taking inventory at 
smaller points rests predominately with the stores department, 
stores forces supervising the account and listing the materials. 
The net results show 49 railroads where the stores department 
performs these tasks, 34 by the using departments and 5 where 
it is done by the auditor. 

Are complete inventories written in detail on sheets by ma- 
chine or by hand, and how many copies are made? Replies to 
the questionnaire show that complete inventories are written in 
detail on sheets, as follows: By machine, 62 railroads, the num- 
ber of copies ranging from one to eight; by hand, 11 railroads, 
the number of copies ranging from two to three; by machine 
and hand, 11 railroads, the number of copies ranging from two 
to 25. Two railroads reported that the inventory is written on 
cards, only one copy being made. On one railroad, the inventory 
is photostated, one copy being made. 

Answers to questionnaire developed that 21 railroads use the 
numerical marking system and 69 railroads do not use it. 


Conclusions 


The majority of the committee favored taking inventory at one 
period of the year, preferably either September 30 or October 31, 
It was further recommended that the counting, listing, pricing 
and classification of materials shall be performed by the stores 
department forces. Irrespective of who computes and completes 
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the inventory, the pricing and classification should be done by the 
stores department. It was further recommended that inventories 
should be taken, listed, priced and extended on an inventory 
sheet and this sheet, as used on inventory day, should serve as 
the final compilation of the inventory. It was also recommended 
that trial inventories of certain classes of material, such as fuel, 
rail, ties, wheels, axles, lumber, etc, be taken at designated 
periods throughout the year as conditions warrant, and adjust- 
ments made accordingly. 


Fuel Purchasing 
J. M. Johnston, Chairman* 


The consumption of coal and oil, including direct freight 
charges of Class-I steam railroads, amounted to $162,679,868 in 
1932, compared with $214,672,466 in 1931, resulting in a decrease 
of 24.2 per cent. Net tons of coal consumed by locomotives in 
1932 amounted to 66,193,456, as compared with 81,231,867 in 
1931, a reduction of 18.5 per cent. Barrels of oil consumed 
totaled 41,448,976 in 1932, as compared with 47,430,386 in 1931, 
a reduction of 12.6 per cent. 

The average cost of coal consumed in 1932 was $2.05 per 
ton, including direct freight charges, compared with $2.16 per 
ton in 1931, a reduction of 5.09 per cent The average cost of 
fuel oil consumed in 1932 was 65.1 cents per bbl., including direct 
freight charges, as compared with 73.5 cents per bbl. in 1931, 
a reduction of 11.4 per cent. 

The following tabulation shows the trend of fuel performance 
of Class-I railroads for a five-year period: 

Pounds of coal per 1,000 


Gross-tons per train, 
gross ton-miles, includ- 


excluding locomotive 


ing locomotive and tender and tender 
RETR |) gpvewe epee : 
DE Gicreecncdenwwnaaeewenee oo ere ee 1,866 
SD ens ccutesiantineerweta eee rrr rere ee 1,870 
DE coekaveeees cans carewaues DD cnc un aancacncnctee sewed 1,809 
OME cuakevecsevsrcuyenentans BOE. ccivvsowsseeseseuaneeed 1,683 


Although the unit consumption in freight service in 1932 ex- 
ceeded the 1931 performance by four pounds per 1,000 gross 
ton-miles, the train load was lower than in any year since 1925, 
indicating that the low train load handled in 1932 was largely 
responsible for the increase in unit consumption. 

The factor of train speed, which has been steadily rising, must 
be considered in analyzing these figures. For the year 1932, the 
average speed of freight trains was 15.5 m.p.h., compared with a 
speed of 14.7 m.p.h. in 1931, an increase over 1931 of 5.5 per cent. 

In 1920, locomotive fuel constituted about 13 per cent of total 
railroad operating costs, while for 1932 this was reduced to 6.69 
per cent. The cost of fuel was, of course, a large factor in 
bringing about this reduction, but conservation methods con- 
‘ributed in a great measure to the decline in operating costs. 


Fuel Oil Standards 


In the report for 1931, it was suggested that a standard fuel 
oil specification be adopted by all oil-burning railroads, but, 
in view of retrenchment on many railroads, it was not deemed 
advisable to continue this subject, although the use of oil in 
1932 represented 13.5 per cent of the total fuel used. The De- 
partment of Commerce, Bureau of Standards, Washington, 
recently addressed a letter to producers, distributors and users 
of fuel oil, stating that the revised commercial standards for fuel 
oil have been accepted by the majority of oil refiners, distributors, 
and consumers, as well as many of the oil-burner manuufacturers 
and, accordingly, may be considered effective May 1, 1933. This 
will prove of great benefit to users of fuel oil and the adoption 
of these standards will insure more uniform specifications. 

The Supreme Court has ruled that the Appalachian Coals, 
Inc., may continue its operation as a centralized selling agency 
for coal producers in Kentucky, Tennessee, Virginia and West 
Virginia. This decision is not only important because of its 
application to the coal industry, but because it may affect a 
number of other basic industries, such as oil. While additional 
revision of the law is still needed, the decision should assist in 
solving some of the difficulties of many important industries. 
The first thing such sales agencies should do is to adopt a 
marketing policy which will result in fair, consistent and rea- 
sonably regulated profits and prices to the consumer. 

Investigation of fuel purchasing practices, known as Ex Parte 
104, carried by the I. C. C. in 1932, has been terminated, but 
the final conclusions reached by the examiners have not yet 
been made public as far as the committee is aware. 

The past year has seen production in all lines at low levels 
and the railroads have labored under difficulties because of poor 
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business conditions. The question of fuel is prominently identi- 
fied with operating expenses, and, while great strides have been 
made in efficiency and purchasing methods, renewed efforts are 
necessary if operating costs of the railroads are to be reduced. 


Manufacturing in Railroad Shops 


G. J. Hunter, Chairman 


_The control of stock manufactured in the shops is in no way 
different from the control of material purchased in the open 
market. Both are based on actual requirements, predicated on 
consumption, as indicated by ithe stock books. Proper considera- 
tion should be given to shop production costs so that no item 
will be manufactured unless it can be done at a cost equal to, 
or better than, the market price. 

It has been recommended that the quantities ordered should 
be as large as possible, consistent with quantities usually carried 
in stock. This is important in the control of material manu- 
factured in the shops for stock. It appears that a manufacturing 
plant must operate at approximately its capacity if the most 
economical results are to be obtained, and that when production 
falls below 80 per cent of the rated capacity, manufacturing 
ceases to be economical. 


Accounting in Repair Shops 


The committee considered “manufacturing facilities” under 
two headings: (1) Material manufactured in repair shops and 
(2) material manufactured in separate manufacturing plants. 
Both facilities are subject to Interstate Commerce Commission 
accounting practices in so far as the “charge-out costs” are con- 
cerned. However, when comparing such costs with current pur- 
chase prices, an additional “overhead charge” must be added to 
the shop-order cost. Where separate manufacturing plants are 
maintained, proper cost accounting can be set up, taking into 
consideration every item of cost. This has not been done in the 
case of material manufactured in shops primarily engaged in 
the repair of locomotives and cars. Where material is manu- 
factured in repair shops, the cost includes (1) material, (2) 
direct labor and (3) shop expense. 

The item of “shop expense” is a proportionate part of the 
items covered by I. C. C. Account 600, which includes: Pay of 
department foremen and their clerks; pay of assistant depart- 
ment foremen and their clerks; pay of chauffeurs and oilers: 
pay of sweepers, cleaners, etc.; pay of unskilled laborers em- 
ployed in general work in and about shops and shop grounds; 
pay of watchmen, gatekeepers and policemen at shops and repair 
tracks where mechanical work is done; pay of employees at- 
tending fire drills; pay of employees repairing or having charge 
of small shop tools. 

Power: Cost of fuel in power plants, oil, waste, etc.; pay of 
stationary engineers and firemen; pay of electricians, coal 
handlers and other employees engaged in power production; 
cost of picks, shovels and other small tools; cost of water 
purchased. 

Heating: Cost of fuel and supplies for heating shops. 

Lighting: Cost of current, gas, oil, torches, incandescent 
lamps, etc. 

Switching: All expenses, including wages, fuel and supplies 
of switch engines exclusively assigned to switching service at 
shops. 

Shop Supplies: Includes fuel for forges, small tools, lubri- 
cants and all supplies generally used in shop work. 

Incidental Expenses: Watchmen’s clocks and call boxes; re- 
moval of snow and ice from shops and shop yards; ice used in 
shops; and all other undistributed shop expense. 


Cost Accounting Imperfect 


It is evident that railroad accounting, as prescribed by the 
I. C. C., can not show accurate manufacturing costs, and as a 
factor for controlling manufacture, it is misleading, many items 
of overhead being entirely disregarded. 

In the year 1921, the I. C. C. inquired into the question of 
whether carriers were justified in entering into contracts for 
repairs to cars and locomotives with outside shops, and decided 
that railroad overhead could be disregarded because the railroad 
facilities were available for use, and no saving in overhead 
expense could be shown due to contracting the work outside. 
This opinion is supported by many members of Division VI. 
The committee does not concur and recommends that a reason- 
able percentage of overhead expense be added to the shop-order 
costs when comparing them with prices quoted by outside manu- 
facturing concerns. What this percentage should be, the com- 





* Traveling Material Supervisor, Atchison, Topeka & Santa Fe. 
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mittee is not in a position to say. It has been variously estimated 
at from 60 per cent to 100 per cent of the direct labor charge. 


Costs in Special Shops 


Where strictly manufacturing plants are maintained, it is 
recommended that the following items be used in determining 
manufacturing costs: Direct labor, material and overhead, the 
latter including supervision, shop expense, store expense, repairs 
to buildings, repairs to machinery, repairs to tracks, interest on 
investment, depreciation of tracks, buildings and machinery, in- 
surance and employers’ liability, pensions, death benefits, freight 
charges and taxes. These captions are comprehensive enough 
to include every item of cost and, when properly applied, should 
result in a shop-production cost fairly comparable with those 
of other manufacturing concerns. 

Six per cent appears to be a reasonable rate of interest on 
investment, and should be figured on the depreciated value. 

The depreciation charge should be based upon the percentage 
of the original cost (estimated, if not known), determined to be 
equitable by experience as to the actual current loss from de- 
preciation. Depreciation should cease when the difference be- 
tween the ledger value and the estimated salvage value shall 
have been credited to the accrued depreciation account. 

Some railroads add another charge for “general administration 
expense,” which, in one instance, is figured at 1% per cent of the 
direct labor. When any item of extraordinary expense is rela- 
tivelv so large that its inclusion in the costs for a single month 
will seriously distort such costs, it should be distributed in equal 
monthly charges to the remaining months of the current year. 

A questionnaire was sent to 25 of the larger railroads, in 
order to develop what principal stock items were being manu- 
factured in their shops. The items reported were: 


Bolts—machine and carriage Pressed steel parts for locomo- 


Bolts—engine tives and cars 
Bolts—stay_ Pipe—concrete 
Bearings—journal Pilots—locomotive 
Cushions—caboose Rings—piston and valve 


Curtains—storm 
Castings—brass and bronze 
Castings—grey iron 

Cattle guards 

Chisels 


Rivets—coupler yoke 
Rods—Locomotive main and side 
Screws—set 

Studs—boiler 

Shoes—brake, freight and pas- 
Forgings—car and locomotive senger car 

Frogs and switches Springs—locomotive 

Frog and switch’ material Studs 

Flags ; Tinware—all kinds 

Nipples—pipe Washers 

Pins—coupler knuckle Wheels, cast-iron car 


Classification of Material 


: R. G. Bensen, Chairman* 

During the year a survey was made to determine the extent 
to which the Standard Material Classification is being used. 
The replies indicate that 62 railroads, with 124,428 miles of 
track, usc the American Railway Association Material Classi- 
fication in its entirety; that 12 railroads, with 21,963 miles of 
track, use the A. R. A. Material Classification in part; and that 
20 railroads, with 76,533 miles of track, use material classifica- 
tions of their own design. The general objection expressed to 
the Standard Classification is that it is too elaborate and ex- 
pensive. Other railroads have not adopted it because of the ex- 
— involved in changing forms and educating employees to its 

se. 

The material classification adopted in 1910 was based on the 
use of the material and, for that purpose, the classification was 
divided into four groups, namely, maintenance of way, main- 
tenance of equipment, conducting transportation and general. 

In 1925, the committee reported a general sentiment for a re- 
duced number of classes and recommended that the subdivision of 
classes could be changed or revised to meet the needs of the in- 
dividual roads, but that the primary classes should be followed. 
In 1930, the committee recommended the elimination of this note 
from the classification, and in 1931 and 1932, additional items 


= added to the index and the classification was brought up to 
ate. 


Recommendations 


_ The committee considered that the most important thing today 
Is to hold the ground already gained so that comparisons of 
stock balances may be made in a uniform manner. In view of 
the objection of some roads to using the classification on account 
of its being too elaborate and too expensive, the committee 


* Classification Inspector, Erie. 
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recommended that consolidations be permitted which will not 
destroy the basic principle of the classification; it also recom- 
mended that all roads keep their material account at least suf- 
ficiently in detail to provide the figures required by the committee 
on Subject IV—Comparisons of Material Stock Reports and 
Store Expenses, for the material stock report. 


Purchasing and Storekeeping 
for Highway Vehicles 
R. C. Harris, Chairman* 


The committee has confined its activities to the detailed oper- 
ations which lend themselves to standardization, as follows: 

Local studies of fueling costs to determine whether the fuel- 
oil supply should be obtained direct from dealers or from manu- 
facturers and then stored, must be sufficiently thorough to dem- 
onstrate which method of delivery of fuel and lubricants is most 
economical. Filling-station deliveries of gasoline are usually 
considerably more expensive than deliveries from company- 
owned facilities; therefore, the co-operation of all departments 
should be obtained to arrange schedules and facilities in such a 
way that the major portion of the fuel requirements will be ob- 
tained from company-owned facilities which will permit tank-car 
or tank-wagon purchases. 

Storage facilities having a capacity of 12,000 gal. can, at pres- 
ent prices of labor and material, be installed at a cost varying 
from $1,500 to $2,000, including interest on investment, annual 
depreciation, annual cost of operation of pumps for discharging 
and annual freight charges. Experience shows that fueling points 
will change and it, therefore, becomes necessary to consider that 
possibility before permanent storage facilities are installed. It 
may be practicable to find a reliable lubricating company with 
whom a term contract may be made for supplying all lubricants 
required and the tools and facilities for applying those lubricants. 
A contract of this kind should only be made with a company 
able to furnish all lubricants required for all purposes, thus 
making it unnecessary for the motor-coach company to carry 
any stock. 


Purchasing Repair Parts 


In the automotive field, the necessity for the user to carry a 
large stock of repair parts does not generally exist, largely he- 
cause the manufacturers of the standard coaches maintain service 
points in all large industrial centers. Purchase arrangements 
with those companies will make unnecessary the carrying of 
large stocks by the coach companies. While an arrangement of 
this kind may appear to restrict competition, the changes in 
design by the manufacturing companies are so frequent as to 
make doubtful the economy of opening the purchases of im- 
portant repair parts to unlimited competition, until the designs 
become stabilized. The necessary guarantee on parts purchased 
also has an imvortant bearing on this feature of the service of 
supply. On the other hand, there are other parts such as 
gaskets, bolts, nuts, washers, packing rings, etc., manufactured 
for the trade which can be purchased in the open market con- 
siderably below the price quoted by the manufacturers. It 
should, therefore, be the constant aim of the purchasing depart- 
ment to increase the variety of parts purchased in the open 
market as fast as reliable products can be found at attractive 
prices. 

The highest turnover in material occurs where the stores rep- 
resentative is accurately informed of the needs of the user and 
is familiar with ‘the requirements of the service. It is believed 
that stores representatives should be specialists in that kind of 
material in order to serve the needs of the users with the smallest 
investment practicable. 


Simplification of Stock 


The same ordering practices that have been found effective by 
railway supply organizations will be found effective in handling 
motor-coach material, with the exception that the small pro- 
tective stock carried must be counted and replenished more fre- 
quently. The blanket order plan can be extended with safety 
beyond the limits desirable with railroad materials because the 
sources of supply for many items of motor-coach material are 
limited. This plan reduces the stock carried and, if carefully 
supervised, should not result in the payment of higher prices. 
Under this plan, the material is shipped only as actually needed 
and is not held in stock. 

Odometer readings should be recorded for all material re- 
moved from automotive equipment purchased under a guarantee 
or which has been found defective, even though not purchased 
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under a guarantee. These readings should appear on the charge- 
out slip forwarded to the purchasing or stores department. Each 
case of replacement should be handled on its individual merits. 

It is unwise to invest in equipment for heavy repair work when 
the volume of repair work is small, unless the nearest outside 
facilities are so far away as to make such installation imperative. 
Automotive repair plants having volume output should generally 
be able to take motor-coach work at a lower price than that 
at which the motor-coach company could do the work. The 
value of reclaimed crank-case oil is still a matter of controversy 
among engineers, but there is some reason to believe that re- 
claimed oil from which all foreign matter has been removed is 
not only as good as new oil, but, in some cases, is better for 
crank-case use. 

Two methods for tire repairs are available. One is where a 
tire manufacturer or his agent will agree to supply all tires 
needed by the coach company at a specified price per vehicle- 
mile and will furnish all equinment and labor for removing and 
applving tires at specified points. Under this plan, the tire com- 
pany maintains at its own expense, tires mounted on wheels 
ready for application. The other method contemplates the pur- 
chase of tires outright ‘by the user, in the same manner as for 
other material. The relative merits of the two plants depend 
upon the location and the possibility of finding a reliable tire 
service company which has the organization to supply tires as 
needed at a price lower than that at which the coach company 
can supply its own requirements. 


Purchases of Special Devices 


P. L. Grammer* 

Special restrictions should be imposed on ordering repair parts 
for special devices in advance of actual requirements, particularly 
for new devices. It will be found less expensive, in most cases, 
to stand the inconvenience of waiting for repair parts rather than 
to order too liberally. Among the methods which could be fol- 
lowed to advantage in determining the relative cost of special 
devices is a comparison of the cost of all the parts with the pur- 
chase price of a complete unit; also an analysis to determine if 
the repair parts might be manufactured by the railroad itself, or 
bought from some other manufacturer than the one marketing 
the complete machine. 

Where bearings are required, the manufacturers of bearings, 
in addition to the manufacturers of complete unit, should be 
asked for prices. Where motor-driven tools or equipment are 
required, prices should be obtained on the complete equipment 
and for the tools or equipment, less motors and controls, and 
competitive prices on these items should be obtained from the 
manufacturers of motors and electrical equipments. 

In purchasing repair parts for special devices which may be 
covered by patents, railroads should protect themselves against 
any possible claims for alleged patent infringement. 

As an example of the savings which can be made by a careful 
analysis of repair parts for special devices and adequate com- 
petition before purchases, two roads reduced costs of such 
materials by approximately $188,250 during one year. 


Contracts 


Formal contracts ordinarily should not be made for periods 
of less than 90 days, or for more than 6 months. Exceptions to 
this rule in some cases are rail and fuel. Price contracts for 
special devices and materials such as airbrake material, signal 
materials, etc., should ordinarily be made on an annual basis. 
Manufacturers should not be asked to make up special materials 
and supplies for prompt deliveries as required unless covered 
by formal contract agreements, clearly defining the purchaser’s 
—— to take such materials and supplies within a given 
period. 

Prompt replenishment is always an important factor in keep- 
ing down to a minimum the general working stocks carried at 
local and general stores. As one of the methods to accomplis 
this end, it is recommended that all roads give consideration to 
release order system as described in 1932. 

_ Definite specifications or commercial standards are available and 
in many cases, essential in the purchase of various classes of 
materials. They permit wider competition with consequent price 
reductions and provide for all bids to be submitted on the same 
basis. It is, therefore, recommended that standard specifica- 
tions recommended by the American Railway Association, also 
commercial standards, including those promulgated by the Fed- 
eral Specification Board, be carefully studied by all roads with 


a view of having them adopted in place of special specifications 
wherever practicable. 
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Opportunity for 
Rail-Highway Co-ordination 


WasuincTon, D. C. 

LTHOUGH the federal co-ordinator of transpor- 
A tation is operating under a law directly applicable 

only to railroads and their subsidiaries, and 
although there has been some criticism because the 
problem of co-ordinating the various forms of transpor- 
tation has been postponed for further study and later 
legislation, the new Special Board for Public Works has 
suggested one method by which, through co-operation 
between the new public authorities, some co-ordination 
of transportation may be effected without so much delay. 
Moreover, plans which have been advanced for organiza- 
tion of the motor truck and bus operators to take ad- 
vantage of the provisions of the national industrial re- 
covery act by the adoption of codes relating to wages 
and hours of employment, fair practices and possibly 
tariffs, may pave the way for a stabilization of highway 
transportation in such a way as to make possible some 
degree of co-ordination between rail and highway trans- 
portation which has been difficult to accomplish under 
conditions as they have existed. 

Rules and regulations promulgated by the board for 
the allocation to states of the $400,000,000 provided 
under the terms of the new law for highway and related 
construction include a provision by which not more 
than 25 per cent of the funds apportioned to any state 
shall be applied for a time to secondary or feeder roads, 
not now included in the federal-aid highway system, 
“which are either part of the state highway system or 
are important loca! highways leading to shipping points, 
or which will permit the co-ordination or extension of 
existing transportation facilities, including highway, rail, 
air, and water.” 

After setting up a basis for determining priorities for 
the various projects the regulations also provide that “the 
Secretary and the Board reserve the right to require 
the construction of roads desired by the U. S. Railroad 
Co-ordinator to provide adequate year-round highway 
service in replacement of branch-line. railroad service 
proposed to be abandoned.” 

Authorization for the abandonment of railroads must 
still be obtained from the Interstate Commerce Commis- 
sion under the interstate commerce act and the co- 
ordinator is given no authority on that subject, but it is 
believed that his recommendations or support may have 
an influence on the extent of such authorizations and the 
availability of highway service would in many instances 
have an important bearing on the extent to which rail- 
roads may effect economies by curtailing their own serv- 
ice and expenditures. The possible importance of this 
aspect of the economy problem is indicated by the fact 
that in less than six months of this year the railroads 
have already applied to the Interstate Commerce Com- 
mission for authority to abandon nearly 1,100 miles of 
line, and in the year ended October 31, 1932, the com- 
mission authorized the abandonment of 1,418 miles. 

In the selection of projects to be included in the pro- 
grams for highway construction to be submitted to the 
federal board by the state highway departments, the 
rules state that priority shall be given as follows: 

“(a) the closing of gaps in the federal-aid highway 
system; (b) the appropriate landscaping of parkways or 
roadsides on a reasonably extensive mileage; (c) the 
correlating and supplementing of existing transportation 
facilities by road, rail, air, and water, and providing of 


Continued on next left-hand page 
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SUPER-POWER 


RAILWAY AGE 





LIMA A-1 


the FIRST of the 


N 1925, Lima Locomotive Works, Incorporated, at its own expense, 

built an experimental locomotive, the A-1, which embodied for 
the first time all of the elements of design that are now considered 
essential to truly modern power. e@ The Lima A-1 was the fore- 
runner of the Super-Power Locomotives that have made possible the 
modernization of railroad operation. @ By developing higher 
boiler horsepower per pound of weight than had ever before been 
attained, a new standard of locomotive performance was set. e@ The 
work of locomotive improvement goes continually forward and Lima 


is proud of its contributions to the art. . 


LIMA LOCOMOTIVE WORKS 


INCORPORATED 





LOCOMOTIVES 
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service to freight receiving stations, airports and emer- 
gency landing fields; (d) reconstruction designed to re- 
duce maintenance cost and decrease future state and local 
highway expenditures; (e) providing a large number 
of small projects designed to employ the maximum of 
human labor ; and (f) the elimination of hazards to high- 
way traffic, such as the separation of grades at crossings, 
the reconstruction of existing railroad grade crossing 
structures, the relocation of highways to eliminate rail- 
road crossings, the widening of narrow bridges and 
roadways, the building of footpaths, the replacement of 
unsafe bridges, the construction of routes to avoid con- 
gested areas, and the construction of facilities to im- 
prove accessibility and the free flow of traffic.” 

Not more than 50 per cent of the funds apportioned 
to any state may be applied to projects on the federal- 
aid highways system outside of the corporate limits of 
municipalities ; not less than 25 per cent to projects on 
extensions of the federal-aid highway system into and 
through municipalities ; and not more than 25 per cent to 
secondary or feeder roads until provision has been made 
for the satisfactory completion of at least 90 per cent of 
the initial limiting federal-aid highway system in the 
state. The reconstruction of existing facilities that are 
adequate for traffic are not to be considered needed im- 
provements. 

The National Automobile Chamber of Commerce has 
taken the initiative toward bringing about a national 
federation of state motor truck associations to take ad- 
vantage of the provisions of the industrial recovery act 
relating to codes as to wages, hours of employment and 
fair practices, and the National Association of Motor 
Bus Operators is considering the preparation of codes 
re.ating not only to wages and hours but also to rate 
tariffs, schedules and fair practices and dealing with the 
problems of “wildcat” competition. 





AGE Vol. 95, No. 1 


with 1931 it was a decrease of 151,163 cars but the 
cumulative loading to date is now less than 8 per cent 
behind that for the corresponding week of last year. 
Loading of all commodities except merchandise, |. c. 1., 
increased as compared with the corresponding week of 
last year and all except merchandise and livestock in- 
creased as compared with the preceding week, while 
grain and grain products showed a gain as compared 














with 1931. The summary, as compiled by the Car Servy- 
ice Division of the American Railway Association, fol- 
lows: 
Revenue Freight Car Loading 
Week ended Saturday, June 17, 1933 
Districts 1933 1932 1931 
Ee, Pee 135,816 118,593 162,272 
BEPC ore 114,490 99,407 146,440 
RR re 40,809 30,515 46,940 
SS 87,017 75,228 109,237 
Ee ee 74.984 61,790 104,845 
ee eee 82,496 83,591 107,424 
ee Re ee ere 52,319 49,274 61,936 
Total Western Districts.....:. 209,799 194,655 274,205 
Total All Roads. .......--.00.ssseces 587,931 518,398 739,094 
Commodities 
Grain and Grain Products........ 38,147 25,795 32,771 
CE SD. catnuneeusecia«s 15,450 15,400 19,549 
ST -tepvas wubeuas Onwes 93,604 68,605 109,331 
OS er 4,898 2,941 5,451 
Forest Products ..... 25.520 17,140 30,555 
BN Seieaca are Gia Raima ano werareles 12,266 4,290 30,640 
EE i rr er ree 168,530 175,819 217,136 
Miscellaneous ...... 229,516 208,408 293,661 
I ae pig g ck ws Keon ace eee Klas ee NO 587,931 518,398 739,094 
ED ho tela a a. wm cane eee ws 564,546 501,685 732,409 
I Peer 508,324 447,412 761,084 
ME Fass 7 A S- Srire, Ua la: whe Sele cbr aca 541,309 521,249 711,249 
REY SD, asia so races ater w Be LEN oleae 531,618 515,628 754,738 
Cumulative total, 24 weeks....... 12,002,976 13,120,546 17,593,492 


Car Loading in Canada 


Car loadings in Canada for the week ended June 17 
amounted to 40,571 cars. This was 253 cars fewer than 
for the previous week and reduced the index number 
from 65.63 to 64.71. 





Total Total Cars 

. . Cars Rec’d from 

reig t ar Oa Ing Loaded Connections 

Total for Canada: 

Wasuincton, D. C. SS a Se ee eae 40,571 19,283 

neepaanens , : : : ; T er chai 40,824 18,624 

EVENUE freight car loading continued its rapid lene 3, 1983....... 38,886 177151 

increase in the week ended June 17, amounting to Jume 18, 1932.........-.--++-eeeeees 44,736 18,065 
587,931 cars, an increase of 23,385 cars as compared Cumulative Totals for Canada: 

with the week before and of 69,533 cars as compared ~— u. 1933 SPT ere er eT ere ree 1 825,249 419,971 

. . une Be BIOBec cer eeccecvcstece rT ae ek ’ 2/4 gi d/l 

with the corresponding week of last year. As compared SRR eee: 1,156,498 667,401 

REVENUE FREIGHT CAR LOADINGS 
Jan. Feb Mor pr. May Jun. Jul. Aug Sep. Oct. Nov. Dec. 
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Franklin Driving Box Lubricator and Spreader 








Franklin Radial Buffer 





NEW YORK 
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FRANKLIN’S CONTRIBUTION 
To The Modern Locomotive 





The Locomotive Booster 


HE FRANKLIN Driving Box 

Lubricator by providing constant 
lubrication, really made the modern 
locomotive possible. This grease 
cellar was the first of many outstand- 
ing locomotive improvements devel- 
oped and perfected by Franklin 
Railway Supply Company and it has 
since been standardized throughout 
the world. 

The automatic, power operated fire 
door was another Franklin develop- 
ment which made it physically possi- 
ble to fire the big engine as well as 
save lives in the event of accident in 
the firebox. 

The Power Reverse Gear was 
another Franklin device to save labor 
and fuel. 


In the Radial Buffer and Unit a 





CHICAGO — 





Bar, Franklin brought security to the 
engine and tender connection and 
prevented derailments, break-in-twos, 
and loss of life. 

But the crowning achievement of 
Franklin has been the perfection of 
The Locomotive Booster. By putting 
idle weight and spare steam to work, 
the Booster has made possible a sub- 
stantial advance in power per pound 
of locomotive weight and has contri- 
buted mightily to the economy of 
railroad operation. 

For over a quarter of a century, 
Franklin has been developing new 
locomotive improvements designed 
to promote economy and safety. 
These have contributed largely to the 
present highly efficient state of mod- 


ern motive power. 





Franklin Precision Power Reverse Gear 


COMPANY, INC. 


_ MONTREAL 
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Ewing Heads the 
Central of New Jersey 


To fill the vacancy caused by the resignation of R. B. 
White to become president of the Western Union Tele- 
graph Company, the directors of the Central of New 
Jersey have elected to the presidency of that company, 
Charles H. Ewing, president of the Reading. Edward 
T. Stotesbury, chairman of the board of the Reading, 
has been elected chairman of the executive committee 
and Daniel Willard, president of the Baltimore & Ohio, 
has been elected to the chairmanship of the Reading’s 
board of directors. A photograph and an outline of Mr. 
Ewing’s railroad career were published in the Railway 
Age of May 7, 1932, page 777, in connection with his 
election to the presidency of the Reading, succeeding the 
late Agnew T. Dice. 

The Central of New Jersey is controlled by the Read- 
ing, which owns some 53 per cent of its outstanding 
capital stock, which, however, has by court order been 
held by trustees. Since the two properties are included 
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to each other. Both are closely knit properties, terminal 
in character, with, in addition, important lines in the 
anthracite fields of Northeastern Pennsylvania. The 
Reading converges on Philadelphia, the Jersey Central 
on New York. 

Table I shows comparative revenues and expense 
figures for the two roads for 1932, compared with those 
for 1929. It will be seen that both properties have 
weathered the depression quite well—the Reading with 
net income for 1932 of four and one quarter millions, 
while the Jersey Central held its deficit to a compara- 
tively low total. Both roads rely heavily on coal traffic, 
the greater proportion of which is anthracite for domestic 
use. This traffic, it will be noted, is far more stable than 
merchandise freight, although it too is subject to com- 
petition on the shorter hauls from motor trucks. The 
effective manner in which operating expenses were held 
in check on both roads will be observed. The Reading 
indeed had a somewhat more favorable ratio in 1932 
than it did in 1929, whereas the Central of New Jersey 
in 1932 held this index almost to the 1929 level. Taxes 
paid by the two roads in 1932 make an interesting com- 
parison. When viewed in the light of their respective 














Table |—Reading Central of New Jersey—Revenues and Expenses—1932 and 1929 Compared 














1932 
CT ID, ook UC buna cedost obawcamareeeees $25,138,349 
Meremamdise Trafic Revenwes 2.0... ccccccccccsccccccecs 19,439,298 
SE ee re eee 3.368.996 
Total Operating Revenues ......... 51,806,374 
Maintenance of Way Expense ........ 4,270,016 
Maintenance of Equipment Expense ... 10,676,670 
I ne ee niwéwsatesoudeunn da 20,416,988 
pT ee eee 38,804,168 
Net Revenue from Railway Operations 13,002,205 
Coperetias Tiatie, FOr Cb oc. cocci ccccwcccscces 74.90 
NE C5 sa Aline wed beater ou Hee ocean eweerccan $1,590,520 
Net Railway Operating Income ..............-.-+. 11,086,616 
en ian baron Sr corsa wwe new ee eA 2,760,705 
a i a ek ee mee 13,847,321 
Deductions from Gross Income ...............c0-ceccece 9,618,532 
We GD eawededincceteusbcewackedeneuneteeeceteeesenrs 4,228,789 





* Deficit. 


Reading c. X.Y. 
% Inc % Inc 
19 or Dec. 1932 1929 or Dec 
$37,485,247 —32.9 $10,778,000 $16,424,160 -34.4 
45,237,747 —57.0 12,104,998 28,619,133 —57.7 
7,080,681 —52.4 5,066,452 8,749,393 —42.1 
97,196,954 —46.7 30,357,468 58,136,939 —47.8 
14,097,108 -69.7 2,306,481 5,796,291 -—60.2 
22,000,822 —51.5 5,768,362 11,955,091 -51.8 
35,698,864 —42.8 12,030,919 21,636,350 —44.4 
75,929,795 —48.9 22,182,691 42,218,295 —47.5 
21,267,159 -38.9 8,174,776 15,918,643 —48.7 
78.12 —4.1 73.07 72.62 +0.6 
$4,439,920 -64.2 $4,857,581 $5,074,796 —4.3 
17,196,521 —35.5 2,507,298 9,367,044 —73.2 
6,953,343 -60.3 1,594,104 1,587,697 +0.4 
24,149,864 —42.7 4,101,402 10,954,742 62.6 
8,641,123 +11.3 5,929,485 5,911,987 +0.3 
15,508,740 —72.7 *1,828,082 5,042,754 -136.3 








with the Baltimore & Ohio in the four-system consolida- 
tion plan approved by the Interstate Commerce Com- 
mission for eastern territory, however, both the court and 
the commission have consented to the withdrawal of the 





Table 1l—Selected Operating Statistics for 1932, Reading and Central 
of New Jersey Compared 


Reading i i 
ee ie OS no i cc tsccrtinaecsngeaneve 1,462 692 
Net Ton-Miles (Rev. and Non-Rev.), Thousands....3,905,761 *1,548,584 
Average Net Tons per Train 840 935 


I acions chaganebonetsoceewscnese 103 74 
Average Revenue per Ton-Mile, Cents.............. 1.141 1.478 
Average Freight Revenue per Mile of Road, Dollars 30,679 33,068 
Average Freight Revenue per Train-Mile, Dollars.... 9.59 13.15 
Average Passenger Train Revenue per Train-Mile, 

I Aare eb cab era ie a clea Ah ale arate eee wees 0.88 1 
Gross Ton-Miles per Train-Hour........ccccccscess 22.870 26,725 
Average Freight Train-Miles per Train-Hour....... 12.1 13.0 
Per Cent Loaded to Total Car-Miles................ 57.7 55.7 
Lb. of Coal per 1000 Gross Ton-Miles............... 146 141 
Per Cent of Freight Cars Unserviceable............ 10.6 20.0 
Per Cent of Freight Locomotives Unserviceable..... 26.4 34.0 


* Revenue only. 





stock from the trustees and the Reading now may exer- 
cise its control. 

It is believed that the election of Mr. Ewing to the 
presidency of the two companies will result in further 
integration of their operations. As a matter of fact, the 
two companies have long worked together in the closest 
of harmony, with many joint services and facilities. In 
turn the Baltimore & Ohio, which has a large, if not 
literally controlling, stock interest in the Reading, uses 
the lines and terminals of both the Reading and Jersey 
Central between Philadelphia and New York. The 
Reading and Jersey Central are, in fact, complementary 


gross revenue totals, the tax burden of the smaller line 
appears fantastically high by comparison, this being due 
no doubt to the tax policies of the state of New Jersey 
which are being contested in the courts. If the Central 
of New Jersey had been taxed relative to its gross 
revenues as the Reading was, its deficit would have been 
wiped out and some net income would have resulted. 

Table II compares selected operating statistics of the 
two companies and shows how closely similar they are. 
The average haul on both roads is short, and their freight 
revenues per mile of line almost the same. In neither 
fuel performance, average train speed nor average train 
load is the variance great. There is some difference in _ 
one or two of the comparative figures, but these can 
readily be explained by some slight variance in local 
conditions. Properties so interwoven physically, so 
similar in their operating problems, and interchanging 
traffic to such a degree, it would appear, should thrive 
with a joint executive to co-ordinate their practices and 
operations. 

In an important new field—highway transport—opera- 
tions of the two companies are already closely linked. 
The Reading was one of the early railroads to engage 
in motor transportation—first for passengers and later 
also for freight. The Reading’s motor transport sub- 
sidiary also serves the territory of the Jersey Central. 
At the end of 1932 the subsidiary operated 1,160 route 
miles of bus service and 889 miles of truck service, 
effecting considerable savings to the railroads in the 
elimination of unprofitable trains. 

Another task of co-ordination in which the Jersey 


Continued on next left-hand page 
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is a development of 


AMERICAN Arco COMPANY 


4 me Security Sectional Arch has long been regarded as 
being as essential to the locomotive as ihe driving wheels. 

In its present state, the locomotive Arch is the result of 
a quarter century of intensive research and development 
by American Arch Company. 

Starting with heavy slabs of refractory requiring two 
men to handle, the Arch has been sectionalized, shapes 
standardized and designs perfected to give longer life and 
superior service. 

When the introduction of the stoker brought new con- 
ditions in the firebox, American Arch Company engineers 
were ready with suitable Arch designs. 

The Syphon, again, changed locomotive combustion and 
once more American Arch Company engineers revised the 
Arch to harmonize with the new conditions. 

For years past, practically every new design of locomo- 
tives has had the Arch designed by American Arch Company. 

This engineering service is one of the important elements 
in satisfactory Arch brick service. 


American Arch Company, alone, is qualified by experi- 
ence to supply it. 





THERE’S MORE TO SECURITY ARCHES THAN JUST BRICK 








Specialists 


» 


* 
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AMERICAN ARCH CO. 


Locomotive Combustion 











Central’s new executive will participate will be that of 
combining the operation of the Reading’s seashore sub- 
sidiary, the Atlantic City Railroad, with the Southern 
New Jersey lines of the Pennsylvania, which project was 


recently approved by the Interstate Commerce Com- 
mission. 


Stimulating Tourist Travel 


N European who had traveled much on that con- 
A tinent and in adjacent countries, made his first 

trip to the United States, penetrating much fur- 
ther into this country than is ordinarily the case with 
such tourists. Unexpectedly meeting an American friend 
in the Southwest, he exclaimed after a few moments, 
“Why do so many Americans come to Europe when 
you have such marvelous things to see in your own 
country ?” 

Could not the American railways do much to en- 
courage tourists from other countries by more ag- 
gressively advertising these features abroad? As an 
example, the Japan Tourist Bureau, closely related to 
the Japanese Government Railways, is making an inter- 
esting experiment in this country, which promises ex- 
cellent results in stimulating tourist travel to Japan. 

First it secured the co-operation of The American 
Boy, with which is combined The Youth’s Companion. 
In the February number of that periodical an announce- 
ment was made that three two-months trips to Japan 
would be awarded for the best three essays on “Japan 
—And Why I Want to Go There.” The requirements 
for the contest were quite simple. The entries had to 
be submitted before March 10, and the essays should 
preferably be under 300 words. The contestants must 
be under 21 years of age on the closing date of the con- 
test. In addition to the three first prizes, the writers 
of the next best 12 essays were to receive Japanese silk 
lounging robes. 

Those who entered the contest were asked to write 
to the Japan Tourist Bureau for literature on that coun- 
try. The Bureau received 2,547 requests for such in- 
formation and 1,762 essays were submitted before the 
closing date of the contest. The first prize was awarded 
to Donald G. Bradlor, 15 years old, Hollywood, Cal. ; the 
second to K. Stromquist, 15 years of age, Birmingham, 
Ala.; and the third to Milton Williams, Jr., 18 years of 
age, Washington, Ga. The judges in the contest were 
Hon. K. Horinouchi, Consul General; Y. Shudo, com- 
mercial secretary to the Japanese Embassy; Y. Yama- 
moto, resident representative, Japanese Government 
Railways; K. Takahashi, manager, Nippon Yusen 
Kaisha; T. Toda, manager, Osaka Shosen Kaisha; T. 
Go, manager, South Manchuria Railway, M. Y. Inomata, 
Japan Tourist Bureau; Griffith Ogden Ellis, president 
and editor, The American Boy. 

A staff writer for The American Boy, Mitchell V. 
Charnley, assistant professor of journalism at Iowa 
State College, will accompany the boys, who will sail 
from Seattle on June 30, returning to this country early 
in September. They will spend five weeks traveling in 
Japan and Chosen. Not more than 90 days after their 
return to this country they must turn in a story of at 
least 4,000 words, telling of their travel experiences. 
The prize-winning essay by Donald G. Bradlor follows: 


Since Commodore Perry’s visit to Japan in 1854, modern 
Japanese development has parelleled our American growth. 
Japan’s influence and power in the East are comparable to our 
own in this hemisphere. Both countries border the Pacific and 
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have a great many interests and many problems in common. 

However, despite these similarities of interest, an unwise 
American immigration law, distance, and competitive naval con- 
struciion have served to hinder development of a real friendly 
feeling between the two peoples. 

It is high time that Japanese and Americans clasp hands across 
the sea in a genuine friendly way. Nothing can probably do 
more to foster future trade and amity between the two nations 
than an interchange of student travelers. 

It would thrill me, beyond words, to pioneer such an exchange 
of young travelers. What adventure a trip to far distant Japan 
would hold for me, and other young Americans! A new world 
of thought and living would unfold itself ‘before us! What 
interesting contacts we would make; orientdl people whose re- 
ligion, daily thoughts and mode of living are one hundred and 
eighty degrees away from our own! What vistas of beauty 
would appear to delight us; cherry blossoms, ancient temples 
and gardens, glorious mountains and sea! What great com- 
mercial possibilities would hint at us and invite thought; great 
cities, factories, fisheries, and undeveloped areas! We would 
return io the United States with an enlarged vision of world 
affairs and a new appreciation of the Orient. 

I want to go to Japan to experience a great adventure and to 
see and enjoy and benefit from all of the above mentioned 
things. But more important, I want to see and meet Japanese 
boys. I want to talk to Japanese people in city and country, in 
industry and at home. I want to know how they live and what 
they think. I want to tell them how American boys live and 
play. Personal contact leads to better understanding, and an 
appreciation of the other fellow’s problems. It is so with men. 
It must be so with nations. May more American boys visit 
Japan! May more Japanese boys visit the U. S. A.! 


Mechanical Division Holds 


Limited Meeting at Chicago 
(Continued from page 59) 


ported that the investigation of automatic connectors 
was continued in the laboratories at Purdue University 
during the past year. Plans and specifications were 
submitted by 51 different companies or individuals, these 
specifications being carefully studied and nine different 
devices ordered for laboratory tests. These laboratory 
tests have now been completed and, if no additional 
designs are submitted, the report covering the con- 
nectors tested will be put in final form. 

The Committee on Locomotive and Car Lighting held 
no meeting during the past year, but it has been watch- 
ing developments in the air-conditioning of passenger- 
train cars, in view of the divergent methods and sys- 
tems now being tried. 

The Committee on ‘Specifications for Materials pro- 
posed revised specifications for carbon-steel bars and 
springs, carbon-steel castings, lumber, hose for air, 
gas and oxygen, chains and elliptic springs. It recom- 
mended that a number of specifications dealing with 
paint materials be withdrawn from the Manual because 
they cover matters for each railroad to decide for itself. 
The lumber specifications are a revision of matter pre- 
sented as information in 1930 which has been corrected 
to conform with changes in grading rules suggested by 
representatives of the lumber and railroad industries. 

The Tank Car Committee considered a total of 112 
dockets and applications for approval of design during 
the year. It recommended to the Interstate Commerce 
Commission that experimental trials for fusion-welded 
tanks of Class ICC-103C and Class ICC-103B, fabri- 
cated in accordance with the American Society of Me- 
chanical Engineers’ Code for Class I fusion-welded non- 
fired pressure vessels, be authorized. The committee 
also presented A. R. A. fundamental dome ring and 
cover drawings, as well as drawings for dome covers 
for certain specific classes of tanks. 


News Department begins on third right-hand page 
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Factors 


in Maintaining High Efficiencies— 


Standardization, Improvement and Development 


of LOCOMOTIVE EQUIPMENT 


The high efficiencies maintained by American 
railroads make them the most efficient transporta- 
tion service in the world today. This has been 
possible only through the constant improvement, 
development and standardization of equipment. 
In this progress which, with relation to motive 
power, has been particularly rapid during the past 
10 years, the railroads have taken an active part 
by constant research, testing and study of equip- 
ment under actual service conditions. Hand in 
hand with the railroads, the equipment manufac- 
turers have been working in co-ordination with 
the American Railway Association and the Ameri- 
can Society of Mechanical Engineers through 


their many divisions. 


Even though during the past three years, the 


purchase of new equipment has been gradually 


ment of 5 


on the 


reduced to a negligible amount — improvements 
have gone forward. Elesco equipment and services 
have been continually improved and further stand- 
ardized to meet demands which must come in the 
cause of better efficiencies. On the following pages 
are given results of intensive efforts within our 
organization and co-ordination of experience in 
this country and abroad . . . having as the single 
purpose continuous improvement of steam loco- 


motive operation. 


As a result of these efforts, this company is 
better prepared than ever to co-operate with the 
railroads in maintaining present high standards 
and establishing new records . . . through Elesco 
superheaters and Elesco feed water heating 


equipment. 


a 
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Improvements 


Elesco superheaters of today are a vast 
improvement structurally over the earlier 
superheaters, although the design remains 
fundamentally the same. 


For many years Elesco superheater units 
have been formed by joining tubing by in- 
tegrally machine-forged return bends. In 
contrast with the earlier use of cast-steel 
and welded return bends, the forged con- 
struction is far superior structurally and 
more efficient. It gives a homogeneous struc- 
ture of uniform strength throughout, with 
increased thickness of the metal at the bend 
where it is most needed. Millions of these 
return bends are in use daily in the severest 
service, including leading railroads through- 
out the world, where Elesco superheaters are 
standard. 


In the early years trouble was experienced 
from leaky unit joints, due to use of bolts 
not suited to the fluctuating and intense tem- 
perature conditions of the smokebox. An 
intensive study of this problem resulted in 
our development of a forged bolt of special 
steel, heat-treated to meet certain minimum 
physical requirements as to tensile strength, 
elastic limit and elongation, to give depend- 
able service for the operating conditions of a 
superheater. 


Similarly other improvements have been 
made. Superheater headers have been im- 
proved in design and material used. Cinder 
cutting of units, which became pronounced 
as stoker-firing became more general, led to 
the development of cinder shields, now fur- 
nished with all new and remanufactured 
units. Even minor parts like bands and sup- 
ports for the units have been improved. 
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Locomotivesu; 


cA Story of 


Progressive “Development 


Twenty-three years ago this company was formed for the 
development and manufacture of the locomotive super- 
heater. Today, practically every locomotive is equipped 
with an Elesco superheater. Under normal conditions, it is 
estimated that they save the railroads 100,000,000 a year 
in fuel, besides increasing the hauling capacity of locomo- 
tives. Without the locomotive superheater, the modern, 
high efficiency locomotives of today would not be possible. 


Likewise, without continuous standardization, improve- 
ment and development, the locomotive superheater could 
not help the railroads, as it does today, in their efforts to 
get more power and better fuel economy. Locomotive oper- 
ating conditions are now much more severe. Locomotives 
have been improved to meet these changed conditions and 
Elesco superheaters have kept abreast with the requi:ements. 
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Fig. 1. Comparison of Coal Consumption of Saturated 
Steam Locomotives and Locomotives Equipped with Type 
“A” and Type “E” Superheaters. 


The extent to which Elesco type “E” superheaters increase 
locomotive capacity and improve the fuel rate is shown by 
the above curves. Briefly the improvement factors of design 
and operation are as follows: 


(1) An increase of 25 per cent in the sustained horsepower 
capacity, as shown on Fig. 2. This is accomplished by: 
(a) Increased TRUE boiler efficiency of 5 to 7 per 


cent. 
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-_ Superheated Steam inicedabda Hauling 


Modern locomotives handle more tonnage at higher 
speeds and with marked fuel economy. Such improve- 
ment required an improved boiler design, and an improved 
superheater to fit. This led to development of the Elesco 
type “E” superheater, which, by its improved unit arrange- 
ment, gives higher superheats, increased capacity, greater 
efficiency . . . thereby making possible locomotives which 
will develop more drawbar horsepower with reduced unit 
fuel consumption, within the limits of weights and road 
clearances. 


In this and in many other ways Elesco superheaters have 
kept pace with increasingly difficult requirements — that 
American railroads might always have the best and most 
efficient means of superheating steam. 
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Fig. 2. Comparison of Capacities of High-speed Pas- 
senger Locomotives Equipped with Type “A” and Type 
“E” Superheaters. 


(6) Increased evaporating surface of 6 to 8 per cent. 


(c) Increased superheating surface of as much as 85 
per cent, thereby increasing superheat 75 to 100 
deg. F., which results in decreased steam consump- 
tion of the cylinders of 7 to 10 per cent. 


(2) An increase in steam area through the superheater of 
as high as 30 per cent, reduces the pressure drop 
between boiler and cylinders, thereby giving added 
cylinder power. 
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Elesco Unit Remanufacturing 
Service 


Supplementing the manufacture of loco- 
motive superheaters this company, several 
years ago, established the Elesco unit re- 
manufacturing service for rebuilding super- 
heaters that have become unserviceable 
through years of severe operation. This ser- 
vice should not be confused with repairing 
—-since it rebuilds or remanufactures super- 
heater units — as can be done only with 
special and extensive equipment operated by 
men long experienced in this work. It is 
the only method by which this vital equip- 
ment is definitely restored and given renewed 
life for many years of trouble-free service 


at full capacity and full efficiency. 


Multiple-valve Throttle-headers 


An outstanding recent development is the - 
improved header, having the American mul- 
tiple throttle contained in the forward part 
of the casting. This combination of throttle 
and header as a single unit, follows the same 
general lines as the standard header, and 
offers many advantages, without changing 
the smokebox arrangement. It controls the 
steam between the superheater and the cylin- 
ders, and by the consecutive opening and 
closing of a series of small valves, the steam 
supply to the cylinders is finely graduated. 
This results in a snappier engine; one that 
responds promptly and in which slipping is 
quickly controlled. This arrangement makes 
superheated steam available for auxiliaries 
at all times and also affords protection of 
the superheater units. 

These and many other advantages of the 
multiple-valve throttle-header have led to its 
rapid adoption for every class of locomotive 
service in this country and abroad. 








Capacity of Locomotives, for the 
Same Fuel Consumption. 


Saturated Steam Locomotives—Eight Cars. 





Superheated Steam Locomotives— (200-250 Deg. Superheat) —Eleven Cars. 
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Reclaiming the Heat 
in Waste Exhaust Steam 


Another Development for Increasing Capacity — and Further Fuel Economy 


Following in the wake of the superheater, which 
was so quickly recognized and generally adopted, 
came developments of equipment suited to reclaim- 
ing heat in exhaust steam that otherwise is lost to 
the atmosphere. As a result of this research arid 
development, the Elesco feed water heater was 
produced to reclaim this heat and return it to the 
boiler, through the medium of the feed water. 
This process of reclaiming waste heat is as sound 
in principle as that of superheating steam, and is 
a logical step in the development of more efficient 
locomotives. By the use of Elesco feed water 
heaters and Elesco exhaust steam injectors, this 
process effects substantial savings in fuel and 
water, or, for the same fuel consumption, defi- 
nitely increases the sustained boiler capacity. 
Today it is unusual for a locomotive to be built 
without some form of exhaust-steam feed water 
heating equipment. | 


In order to produce types of equipment best 
suited by design and construction to the exacting 
requirements of American railroad operation, this 
company has studied every factor, every type, 
both in this country and abroad. Elesco feed 
water heating equipment, as a result, incorporates 
the practicality, simplicity and ruggedness of 
design so necessary for reliability and high effi- 
ciency . . . the product of many years of close 


— 


new one THE SUPERHEATER COMPANY  cutcaco 


association with railroad sound 


engineering principles. 


practices and 





The Elesco feed water heater, which includes a heater 
and a pump, is based on the type of exhaust-steam feed 
water heating equipment, of which many thousands are 
in operation on railroads abroad. It makes possible 
increased sustained boiler capacity of approximately 
15 per cent, or a fuel and water saving of 12 to 15 
per cent. 





The Elesco exhaust-steam injector is an injector-type 
of feed water heater, operating in the same manner as 
a live-steam injector. It is an adaptation of the Davies 
and Metcalfe exhaust-steam injector principle with a 
simplified method of control, developed especially for 
American railroad practice. Fuel savings of approxi- 
mately 8 to 10 per cent are obtainable or an increased 
boiler capacity with the same fuel consumption of 12 
to 15 per cent. Water savings of 8 to 12 per cent are 
obtained. 


Representative of AMERICAN THROTTLE COMPANY, INC. 
. Canada: THE SUPERHEATER COMPANY, LTD., Montreal 
Superheaters — Feed Water Heaters — Exhaust Steam Injectors — Superheated Steam Pyrometers— American Throitles 
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Stealing of Train Rides 


Becomes More Prevalent 


Over 300,000 boys, in addition to 
thousands of men, found to 
be “hitch-hiking”’ 


Over 300,000 boys between the ages of 
12 years and 20 years, in addition to many 
thousands of men, are “hitch-hiking” and 
stealing rides on freight and passenger 
trains. In one town in the West, 35 young 
men became ill while riding in box cars 
and were turned over to a city for medical 
attention. In Kansas City, Mo., an aver- 
age of 1,500 men and boys a day rode 
freight trains out of that city. In Yuma, 
Ariz., 30,000 men and boys were fed at 
public soup kitchens between November 1 
and March 15. At El Paso, Tex., 20,059 
boys under the age of 21 were fed during 
the months of April and May. At Los 
Angeles, Cal., 623 men and boys from 45 
states were given shelter in a period of 
five months. At North LaCrosse, Wis., 
on June 10, eight hobos were taken off the 
head end of one passenger train. 

These figures indicate the magnitude of 
this great volume of illegitimate travel. 
The irony of the situation is reflected in 
the increasing number of men who are 
employed to drive automobiles from fac- 
tories to dealers and who on returning to 
the factory steal rides on freight and pas- 
senger trains. On June 3, two men were 
taken from.the head end of a passenger 
train at Savanna, IIl., and investigation de- 
veloped that these men were employees of 
an automobile convoy service company and 
were returning to Chicago from a trip to 
Lancaster, Wis., where they had delivered 
two automobiles. They had in their pos- 
session two checks, one in the amount of 
$423.06 and the other for $704.20, payable 
to an automobile manufacturing company, 
in addition to $13 in cash. 

The persons stealing rides include men 
and women and also children of all ages. 
At Keokuk, Iowa, on June 1, two children, 
6 and 8 years old, were discovered in a 
box car enroute from Hamilton, IIl., to 
their mother in Hannibal, Mo. In April, 
a man and a woman about 70 years old 
boarded a freight train at Kansas City, 
Mo., with the purpose of reaching a city 
in Nebraska. An engineman took com- 
passion on the couple, who were carrying 
Six suitcases, and offered to place their 
luggage in his locker, but the suitcases 
were stolen from the locker and now the 
couple expect the railroad to stand the loss. 

Another annoying development among 
“train riders” is the robbing of hobos by 
hobos. At Zeigler Junction, Ill., in May, 
three hobos introduced the practice of 


robbing hobos, returning from southern 
strawberry: fields, of money and clothes. 


The railroad, feeling that if these men 
were permitted to continue this practice 
they would become bolder and hold up 
train crews and rob merchandise cars, 
called the matter to the attention of the 
county sheriff, who arrested the men. 


Effective Date of Power Reverse Gear 
Order Postponed 


The Interstate Commerce Commission 
has issued an order postponing the effective 
date of its order of January 3, requiring 
the installation of power reverse gear on 
locomotives, for 30 days after the entry of 
an order by the federal district court for 
the northern district of Ohio in the pro- 
ceedings in which the railroads have sought 
to have the order enjoined. The postpone- 
ment was made at the request of the court 
after the commission had denied a petition 
of the railroads. 


M. P. Prepared for Wheat Movement 


The Missouri Pacific, in preparation for 
the movement of wheat from Kansas, Mis- 
souri, Oklahoma, Colorado and Nebraska, 
has accumulated 1,500 box cars in the 
wheat belt and will increase this to ap- 
proximately 3,000 by July 1. Since Jan- 
uary 1, the Missouri Pacific has purchased 
3,810,000 ft. of lumber for construction of 
152,400 grain doors, and also has made 
heavy purchases of lumber for repairing 
cars. Approximately 100 men have been 
added to the shop forces, principally for 
the preparation of cars for wheat loading, 
at Wichita, Kan., Ft. Scott, Osawatomie, 
— Atchison, Downs, and Omaha, 

eb. 


Northern Pacific Excursions 


Nearly 2,500 persons in 39 coaches were 
carried by the Northern Pacific in a two- 
special-trains excursion conducted under 
the auspices of the Greater North Dakota 
Association on June 4. The excursion was 
run from Fargo, N. D., to Medora, a dis- 
tance of 347 miles, at the rate of $3 for 
the round trip. At Medora, the excursion- 
ists were entertained by a rodeo and other 
features. 

The Northern Pacific has announced for 
June 17 its first excursion to the Century 
of Progress Exposition at Chicago. The 
train will start from Jamestown, N. D., and 
excursionists will remain in Chicago for 
three days, June 18-19-20. Approximately 
500 persons are expected to participate in 
this special one-cent-a-mile coach excursion 
which has for its objective Lutheran Day, 
Swedish Day and Norwegian Day, which 
wili be celebrated at the Fair on the re- 
spective dates. 
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CopelandSees NoU.S.Gain 


From St. Lawrence Seaway 


Senator assails project in address 
before Women’s Traffic Club 
of Greater New York 


Declaring that it is absurd to think that 
the St. Lawrence Seaway would profit the 
Great Lake ports or the western popula- 
tion of the United States, Senator Royal S. 
Copeland of New York, in an address de- 
livered on June 24, pointed out why he 
thinks that “We can ill afford to jump at 
this proposal as if it were so remarkably 
desirable.” The address was delivered at 
the second anniversary dinner of the 
Women’s Traffic Club of Greater New 
York at which Mrs. Jo Schifferdecker, 
president of the club, presided. 

Speaking, as he was, before a New York 
audience Senator Copeland called upon 
them to consider “whether or not our 
state can afford to meet the terrifying cost 
of the completed project.” He presented 
figures to show that the total cost of the 
St. Lawrence development is variously 
estimated at from $543,000,000 to $1,350,- 
000,000 and thus the cost to the United 
States would be from $300,000,000 to at 
least twice that sum. Of this latter New 
York taxpayers would be called upon to 
pay 30 per cent or from $90,000,000 to 
$180,000,000. This latter, along with the 
$90,000,000 to be charged directly against 
New York for power development, the 
Senator calculated, would leave New York 
paying from $180,000,000 to $270,000,000. 
“Where would we get it?” he asked. 

Abstracts from other sections of the ad- 
dress follow: 

“Regarding this project, there are two 
schools of thought. The St. Lawrence 
route is held in high favor in the West. 
But many thinking Americans feel that if 
the money of the nation is actually to be 
expended in canal building, it should be 
spent wholly within the borders of our 
country. They are those who advocate 
what is known as the ‘All-American Route’ 
a canal connecting the Great Lakes with 
the headwaters of the Hudson river. 

“Unfortunately, whichever way is de- 
termined upon, the most we can expect of 
such a canal is that it shall be serviceable 
for not to exceed eight months of the 
year. In fifty years, the latest the St. 
Lawrence was open for navigation was 
December 14. Three times only was it 
open past December 8. Usually it closes 
about November 20. 

“During the same period, the earliest 
date it ever opened was March 29. One 
year it opened on April 3. Unusually it 
opens about April 20 and occasionally as 
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ARE MEETING THE DEMAND 


Locomotive designers have stepped up 
horsepower until 1,000 H.P. per axle is not nt 
At the same time, weight has been kept down so that 
power output per pound of weight has increased. 
» Working closely with these designers have been the 
metallurgists of Republic Steel Corporation, applying 
alloy steels to new problems of stress. » Alloy steel pis- 
ton rods, pins, axles, firebox sheets, staybolts, motion 
work and other vital parts can meet the increased 
strain of increased power because they are modern 
alloy materials—many of them developed specially by 
Republic for railroad work. » Where you have a oe 


rials problem involving iron or steel, consult Republic. 


YOUNGSTOWN, OHIO 


Toncan Iron Boiler Tubes, 
Pipe, Plates, Culverts, Riv- 
ets, Staybolts,TenderPlates 
and FireboxSheets*Sheets 
and Sirip for special rail- 
road purposes * Agathon 
Alloy Steels for Locomotive 
Parts» Agathon Engine Bolt 
Steel*Agathon Iron for pins 
and bushings *Agathon 
Staybolt Iron * Climax Steel 
Staybolts*Upson Bolts and 
Nuts Track Material, 
Maney Guard Rail Assem- 
blies * Enduro Stainless 
Steel for dining car equip- 
ment, for refrigeration cars 
and for firebox sheets *Ag- 
athon Nickel Forging Steel. 

The Birdsboro Steel 
Foundry & Machine Com- 
pany of Birdsboro, Pa., has 
manufactured a is pre- 
pared to supply, under 
license, Toncan Copper 
Mol —— m noe castings 
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late as the first of May. One year it was 
May 7. As a matter of fact, then, the 
St. Lawrence can be depended on for only 
a little more than seven months of the year. 

“No candid person, conversant with the 
physical conditions of the lower St. Lawr- 
ence and of that route to the sea, can fail 
to acknowledge that through a majority 
of the months of the year there is not 
uninterrupted passage between Montreal 
and the open ocean. 

“One has but to study the Montreal traf- 
fic situation to see how valueless the St. 
Lawrence is to the American merchant 
receiving goods from the East. In 1925, 
of the lake carriers arriving in Montreal 
with grain, coal and flour, no less than 
2,670 returned westward without cargoes. 
There was absolutely nothing for them to 
take West. These are the official figures 
obtained from the Lachine Canal office, 
Montreal, April, 1926. There need be no 
expectation of better conditions as a result 
of deepening and widening canals already 
in existence. 

“To my mind, it is absurd to think the St. 
Lawrence route would profit the Great 
Lake ports, or the great western popula- 
tion of our country. A one-way water 
system could never pay, and this route 
could never be anything but a one-way 
system. What is produced in Europe that 
the midwest wants in ship-cargo lots? Re- 
gardless of the doubtful advantages to the 
decreasing exportation of wheat, what else 
is there to expect from a through line to 
Europe, entering the sea a thousand miles 
‘from our own eastern and southern At- 
lantic seaboard ?” 


Recapture Proceedings Discontinued 


The Interstate Commerce Commission 
has issued orders cancelling the various 
hearings which had been set in recapture 
cases, following the repeal of the recapture 
clause of the interstate commerce act by 
the emergency transportation act of 1933. 


Maintenance of Way and Structures 
Expenses—Correction 


Statistics of operating revenues and ex- 
penses of Class I steam railways in the 
United States, as compiled by the Bureau 
of Statistics, Interstate Commerce Com- 
mission, show that for the four months 
ended with April, 1933 and 1932, the 
maintenance of way and structures ex- 
penses were as follows: United States, 
$91,365,372 for 1933 and $121,847,150 for 
1932; Eastern District, $36,189,819 for 
1933 and $52,635,647 for 1932; Southern 
District, $19,626,148 for 1933 and $25,328,- 
370 for 1932; Western District, $35,549,- 
405 for 1933 and $43,883,133 for 1932. Be- 
cause of a printer’s mistake, erroneous 
figures were substituted where the first 
four of the foregoing should have appeared 
in the table published on page 914 of the 
Railway Age of June 24. 


New D. L. & W.—D. & M. M. 
Connection Dedicated 


Appropriate ceremonies on June 8 marked 
the dedication of the new switch connec- 
tion between the Delaware, Lackawanna & 
Western and the Dansville & Mount Mor- 
ris, near Groveland, N. Y. Since new con- 
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nection will afford a more direct route 
to and from Dansville, N. Y., the dedi- 
catory ceremonies were arranged jointly 
by E. M. Harter, president and general 
manager of the Dansville & Mount Morris, 
and P. E. Blum, chairman of the manufac- 
turers’ committee of the Dansville Board of 
Trade. Mr. Harter in his address spoke 
of the problems attending the rise of sub- 
sidized highway transport and warned his 
audience that, “If you quit using the rail- 
rodds you will sooner or later quit using 
railroad taxes.” Other speakers were Mr. 
Blum and representatives of the D. L. & W. 


1. C. C. Approves Pooling of 
Passenger Service 


The Interstate Commerce Commission, 
Division 6, on June 19 approved two ex- 
amples of railroad co-ordination initiated 
before the new legislation on that subject 
was passed. It approved a supplemental 
contract between the Great Northern, the 
Northern Pacific and the Oregon-Wash- 
ington to provide for operation of three 
pooled passenger trains each way daily in 
lieu of five now operated between Seattle, 
Wash., and Portland, Ore., and for a 
division of the earnings. It also approved 
a contract between the Chicago & North 
Western and the Chicago, St. Paul, Min- 
neapolis & Omaha and the Minneapolis, 
St. Paul & Sault Ste. Marie and the Wis- 
consin Central providing for a pooling of 
passenger train revenues and service be- 
tween Duluth, Minn., Superior, Wis., and 
lake region points and Chicago and Mil- 
waukee. 


Short Lines Draw Plans for 
Co-ordination 


A resolution, pledging the co-operation 
of the country’s short line railroads wit 
the government under the new co-ordinator 
legislation and providing for representa- 
tion on the three national committees, was 
adopted at the annual meeting of the 
American Short Line Railroad Associa- 
tion at Chicago on June 23-24. Under 
the proposed plan, the short line railways 
will elect committees of five in each of 
the three established regional zones. These 
committees will select one of their number 
to serve on the three national regional 
committees embracing all the railroads. 
This plan will be submitted to Joseph B. 
Eastman, federal co-ordinator. W. L. 
White, vice-president and general man- 
ager of the Yosemite Valley, was elected 
president of the association to succeed 
Bird M. Robinson, who died on June 16. 
Vice-presidents elected include M. T. 
McKee and John A. Streyer. 


Canadian Roads Propose Further 
Wage Reductions 


The Railway Association of Canada an- 
nounced in Montreal last week that it had 
served notice upon the officers of the 
Brotherhood of Maintenance of Way Em- 
ployees and the Railway Employees’ De- 
partment of the American Federation of 
Labor that a further downward revision 
of wages has become necessary. 

In the case of both organizations the 
wage revision follows the plan that was re- 
cently endorsed by the Board of Concilia- 
tion in the case of trainmen, enginemen 
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and telegraphers. It maintains the basic 
rates as agreed upon between the railroads 
and the organizations but calls for the con- 
tinuation of a ten per cent deduction now 
in force and a further deduction of ten per 
cent, making a total deduction of twenty 
per cent from wages calculated at the basic 
rates. The railways’ proposal is that the 
additional ten per cent deduction go into 
effect July 15 in the case of the Federated 
Trades organization. 


Rate Case Before Commission for 
Decision 


The Interstate Commerce Commission 
devoted two and a half days this week, 
June 26, 27, and 28, to hearing arguments 
in No. 26,000, the proceeding in which, at 
the request of several large organizations 
of shippers and state commissions, it has 
been conducting an investigation as to 
whether it should order general reductions 
in freight rates at a time when most of 
the railroads are still earning deficits and 
they have agreed at the request of the ad- 
ministration to propose no further reduc- 
tions in wages for a year and when other 
branches of the federal government are 
trying to promote increases in wages, 
prices, and employment. Arguments for 
the railroads were presented by R. V. 
Fletcher, general counsel of the Association 
of Railway Executives; J. R. Bell, com- 
merce counsel of the Southern Pacific; 
W. A. Northcutt, general solicitor of the 
Louisville & Nashville; and W. S. Jenney, 
vice-president and general counsel of the 
Delaware, Lackawanna & Western. 


Fuel Association Elects Officers 


At a meeting in Chicago on June 16, 
called for the purpose of electing officers, 
the International Railway Fuel Associa- 
tion elected the following for 1933-1934: 
President, J. M. Nicholson, master me- 
chanic of the Atchison, Topeka & Santa 
Fe., Slaton, Tex.; vice-presidents, W. G. 
Black, vice-president of the Chesapeake & 
Ohio, Cleveland, Ohio; C. I. Evans, chief 
fuel supervisor of the Missouri-Kansas- 
Texas, Parsons, Kan.; and L. P. Michael, 
chief mechanical engineer of the Chicago 
& North Western, Chicago; and secretary- 
treasurer, T. Duff Smith, Chicago. 

The Executive committee elected consists 
of: C. H. Dyson, fuel agent of the Balti- 
more & Ohio, Baltimore, Md.; T. C. Hud- 
son, general superintendent of the Can- 
adian National, Toronto, Ont.; W. J. Tapp, 
fuel supervisor of the Denver & Rio 
Grande Western, Denver, Colo.; J. D. 
Clark, chief fuel supervisor of the Chesa- 
peake & Ohio, Richmond, Va.; L. E. Dix, 
fuel supervisor of the Texas & Pacific, 
Dallas, Tex.; C. Roberts, assistant road 
foreman of engines of the Pennsylvania, 
Philadelphia, Pa.; C. T. Winkless, fuel 
engineer of the Chicago, Burlington & 
Quincy, Chicago; J. G. Crawford, fuel 
engineer of the Chicago, Burlington & 
Quincy, Chicago; J. R. Jackson, engineer 
of tests of the Missouri Pacific, St. Louis, 
Mo.; G. Likert, fuel engineer of the 
Union Pacific; Omaha, Neb.; and W. J. 
Overmire, fuel engineer of the Cleveland, 
Cincinnati, Chicago & St. Louis, Indian- 
apolis, Ind. 

The Advisory committee elected consists 
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Arter many years devoted to the manufacture of 
tubing by the electrical resistance welding method, 
during which more than a billion feet of tubing was 
made for countless purposes, Steel and Tubes, Inc., 
Cleveland, decided to apply the experience so gained 
to the production of a better boiler tube made by 
this same process. 

The first Electrunite Boiler Tubes were placed in 
service early in 1932. Since then they have met an 
enthusiastic welcome wherever they have been used. 
Some of the largest railroads have been quick to 
appreciate their superiority and have already placed 
them on their approved lists. 

Because Electrunite Boiler Tubes are made from 
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FINISHED TUBE 


Free from scale inside and out- 
side... uniform size and wall 


ready for final 
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Cin Important Mess AGE «ee 


TO EVERY USER OF BOILER TUBES 


mCi 7 
7, cu Qi 
7 cn eae Clean, flat steel strip, uni- 
4 form to size and gauge. 
Welded by electrical 
resistance, 


strip steel, they possess a uniformity in diameter, 
wall thickness and concentricity not attained in tubes 
made by other processes. Due to the mechanically 
controlled electrical resistance method employed in 
welding, the weld is as strong as the wall. Tubes are 
full-normalized, soft, ductile and of uniform grain 
structure. Every tube is tested at pressures far in ex- 
cess of code requirements. Electrunite Boiler Tubes, 
because of these qualities, make possible tighter 
joints with worth-while savings in time and labor. 
Users report savings of 15 to 20 per cent in installa- 
tion costs. 

The entire research and metallurgical facilities of 
Republic Steel Corporation and Steel and Tubes, 
Inc., stand back of the development of these better 
boiler tubes. Further particulars will gladly be sent 
upon request. Write today. 


sor ' STEEL AND TUBES, INCORPORATED 


World's Largest Producer of Electrically Welded Tubing 


CLEVELAND OHIO 


A UNIT OF REPUBLIC STEEL CORPORATION 
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of: P. E. Bast, fuel engineer of the Dela- 
ware & Hudson, Albany, N. Y.; E. E. 
Chapman, engineer of tests of the Atchison, 
Topeka & Santa Fe, Topeka, Kan.; J. N. 
Clark of the Southern Pacific, San Fran- 
cisco, Cal.; R. Collett, fuel agent of the 
St. Louis-San Francisco, St. Louis, Mo.; 
M. A. Daly, chief fuel supervisor of the 
Northern Pacific, Seattle, Wash.; J. E. 
Davenport, assistant to vice-president of 
the New York Central, New York; J. B. 
Hurley, general road foreman of engines 
and fuel service of the Wabash, Decatur, 
Ill.; and T. Duff Smith of Chicago. 


Freight Traffic in April 


Freight traffic moved by the Class I 
railroads in the first four months of 1933 
amounted to 78,286,457,000 net ton-miles, 
according to reports compiled by the Bu- 
reau of Railway Economics. This was a 
reduction of 11,129,875,000 net ton-miles, 
or 12.4 per cent, under the corresponding 
period in 1932, and a reduction of 37,788,- 
091,000 net ton-miles, or 32.6 per cent, 
under the same period in 1931. The East- 
ern district reports for the four months 
reported a reduction of 12.5 per cent com- 
pared with the same period in 1932; the 
Southern district a reduction of 8.2 per 
cent, and the Western one of 13.9 per cent. 

The total freight traffic in April -was 
19,831,280,000 net ton-miles, a reduction of 
1,427,819,000 net ton-miles or 6.7 per cent 
under the same month in 1932, and 8,880,- 
203,000 net ton-miles or 30.9 per cent under 
April, 1931. The Eastern district, record 
‘for April shows a reduction of 11.9 per 
cent compared with the same month in 
1932; the Southern district an increase of 
one-tenth of one per cent, and the Western 
a reduction of 1.2 per cent. 


N. & W. Holiday Fares 


Reduced round-trip fares to New York, 
Philadelphia, Pa., Baltimore, Md., and At- 
lantic City, N. J., rates of one cent per mile 
between most Norfolk & Western stations 
and to all stations on other lines in the 
southeast; 16-day vacation trips to the 
Virginia seashore, and other travel induce- 
ments, are being offered by the Norfolk 
& Western for the July 4 holidays. 

Low round-trip fares from stations in 
West Virginia (Williamson and east there- 
of), Virginia and North Carolina to New 
York, Philadelphia, Baltimore and Atlantic 
City, will be sold on July 1, 2 and 3, and 
will have a return limit of July 8. Tickets 
at the rate of one cent per mile will be 
sold also on July 1, 2 and 3 from William- 
son, W. Va., and stations east thereof to 
destinations on other lines in the southeast. 
These fares will have a return limit of 
July 8 In this connection, it was an- 
nounced that Pullman rates will be reduced 
25 per cent. 

Special round-trip 16-day vacation fares 
to Norfolk and the Virginia seashore, will 
go on sale July 1. The tickets—stop-overs 
permitted on both the going and returning 
trips—will provide for a free side-trip to 
Richmond, Va. Other holiday rates include 
week-end fares between all stations on the 
railroad and to and from other lines within 
the southeast; 30-day summer excursion 
rates each Saturday to destinations in IIli- 
nois, Indiana, Kentucky, Michigan, Missouri, 
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Ohio and Pennsylvania; and fares at a re- 
duction of 15 to 40 per cent of the regular 
rates, to all principal resorts throughout the 
United States and Canada. The latter will 
have a return limit of October 31. 


New York-Chicago Trains Made 
Faster 


New York Central and the Pennsylvania 
Summer train schedules, which became ef- 
fective June 25, show that a number of 
through trains have been accelerated. The 
Pittsburgher of the Pennsylvania will have 
sleeping cars, to be transferred to the 
Progress Limited at Pittsburgh, making 
the trip through from New York to Chi- 
cago in 19 hrs., 30 min. The Rainbow, 
leaving New York at 11 p. m. will arrive 
in Chicago at 5:30 p. m., two hours earlier 
than formerly. The Golden Arrow in both 


directions will run through in 20 hrs., 10° 


min., about a half hour less than heretofore. 

The Commodore Vanderbilt of the New 
York Central will run through in 20 hrs., 
10 min., or about a half hour less than 
heretofore. The Iroquois is operated in 
two sections reaching Chicago by the 
Michigan Central at 5:30 p. m., two hours 
faster than heretofore; and the service 
over the New York Central, arriving at 
LaSalle street, Chicago, at 7:30 p. m., is 
continued. The Fast mail, eastbound, will 
have sleeping cars from Chicago to New 
York, and arrival at destination is sched- 
uled for 6:40 a. m., with a view to giving 
transatlantic passengers additional time to 
reach the steamers. 


Co-ordinator Designates Three 
Regional Groups 


The first official act to be announced by 
Joseph B. Eastman as federal co-ordinator 
of transportation was an order made public 
on June 22 dividing the railroads into 
eastern, southern, and western groups for 
the purpose of the appointment of the 
three regional co-ordinating committees to 
be selected by the railroads. The list in- 
cluded Class I, II, and III steam railroads, 
switching and terminal companies, and 
electric railroads. The assignment of the 
roads to the three groups was in accord- 
ance with the usual practice in grouping 
reports to the commission for statistical 
purposes, but several roads were placed 
part in one group and part in another. 
The Illinois Central north of Cairo, Ill., 
was placed in the western group, while the 
line south of Cairo, including the Yazoo 
& Mississippi Valley, was placed in the 
southern group. The St. Louis-San Fran- 
cisco east of the Mississippi river was 
placed in the southern group while the 
lines west of the river were placed in the 
western group. The Wabash, west of 
Danville, Ill., and Chicago, Ill., and south 
thereof was placed in the western group 
and the lines east thereof were placed in 
the eastern group. 


Meetings & Conventions 


The following list anges names of secretaries, 

date of next or regular meetings and places of 

meetings. 

Arr Brake Association.—T. L. Burton, Room 
2205, 150 Broadway, New York City. 

Auuiep RaiLway Suppty Assocration.—F. W. 
Venton, Crane Company, 836 S. Michigan 
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Ave., Chicago. To meet with Air Brake 
Association, Car Department Officers’ Asso- 
ciation, International Railroad Master Black- 
smiths’ Association, International Railway 
Fuel Association, International Railway Gen. 
eral Foremen’s Association, Master Boiler 
Makers’ Association and the Traveling Engi- 
neers’ Association. 

AMERICAN ASSOCIATION OF FREIGHT TRAFFIC 
Orricers.—W. R. Curtis, F. T. R., M. & O. 
R. R., Chicago, Ill. 

AMERICAN ASSOCIATION OF GENERAL BAGGAGE 
AGENTS.—E, Duncan, 332 S. Michigan 
Ave., Chicago. 

AMERICAN ASSOCIATION OF PASSENGER TRAFFIC 
Orricers.—W. C. Hope, C. R. R. of N. J., 
143 Liberty St., New York. 

AMERICAN ASSOCIATION OF RAILROAD SUPERIN- 
TENDENTS.—F. O. Whiteman, Union Station 
St. Louis, Mo. 

AMERICAN ASSOCIATION OF RariLway ADVERTISING 
Acents.—E. A. Abbott, Poole Bros., Inc., 
85 W. Harrison St., Chicago. Next meeting, 
January 20, 1934. 

AMERICAN ASSOCIATION OF SUPERINTENDENTS OF 
Dintnc Cars.—F. R. Borger, C. I. . Ry., 
836 Federal St., Chicago. Annual meeting, 
October, 1933, Chicago, IIl. 

American Exectric Rattway AsSOcIATION.— 
(See American Transit Association.). 
American Rattway AssociaTion.—H. J. Forster, 

30 Vesey St., New York, N. Y. . 

Division I.—Operating.—J. C. Caviston, 30 
Vesey St., New York. 

Freight Station Section —R. O. Wells, 
Freight Agent, Illinois Central Rail. 
road, Chicago. | 

Medical and Surgical 
Caviston, 30 Vesey St., New York. 

Protective Section—J. C. Caviston, 30 
Vesey St., New York. Annual meeting, 
July 12-13, 1933, Hotel Stevens, Chi- 
cago, Ill. ; 

Safety Section—J. C. Caviston, 30 
Vesey St., New York. Annual meet- 
ing, October 3-5, 1933, Hotel Stevens, 
Chicago, IIl. . 

Telegraph and Telephone Section.—W. 
A. Fairbanks, 30 Vesey St., New York. 

Division II.—Transportation.—G. W. Cov- 
ert, 59 East Van Buren St., Chicago. 

Division I1I.—Traffic.—J. Gottschalk, 143 
Liberty St., New York. ; ; 

Division IV.—Engineering.—E. H. Fritch, 
59 East Van Buren St., Chicago. An- 
nual meeting, March 13-15, 1934, Chi- 
cago, Ill. Exhibit by National Railway 
Appliances Association. : 
Construction and Maintenance Section. 

—E. H. Fritch, 59 East Van Buren 
St., Chicago. z 

Electrical Section—E. H. Fritch, 59 
East Van Buren St., Chicago. | 

Signal Section.—R. ‘ Balliet, 30 
Vesey St., New York. 

Division V.—Mechanical.—V. R. Haw- 
thorne, 59 East Van Buren St., Chicago. 
Equipment Painting Section. — V._R. 

Buren St., 


Section.—J. C. 


Hawthorne, 59 East Van 
Chicago. 
Division VI.—Purchases and Stores.—W. 
J. Farrell, 30 Vesey St., New York. | 
Division VII.—Freight Claims.—Lewis 
Pilcher, 59 East Van Buren St., Chicago. 
Division VIII.—Motor Transport.—George 
M. Campbell, 30 Vesey St., New York. 
Car Service Division—C. A. Buch, 17th 
and H Sts., N. W., Washington, D. C. 

American Rartway Bripce aNnp Buripinc_ Asso- 
CIATION. . A. Lichty, C. & N. W. Ry. 
319 N. Waller Ave., Chicago. 

AMERICAN RatLway DEVELOPMENT ASSOCIATION. 
—J. A. Senter, Ind., Agt.. N. C. & St. L. 
Ry., Nashville, Tenn. 

AMERICAN RaILWAy ENGINEERING ASSOCIATION.— 
Works in co-operation with the American 
Railway Association. Division IV.—E. H. 
Fritch, 59 East Van Buren St., Chicago, Ill. 
Annual meeting, March 13-15, 1934, Chicago, 
Ill. Exhibit by National Railway Appliances 
Association. 

American Raitway MaGazinE Epttor’s Associa- 
TIon.—Miss E. Kramer, M-K-T Employees 
Magazine, St. Louis, Mo. 


AMERICAN RatLway Toot ForeMen’s ASSOCIA- 
tion.—G. G. Macina, C., M., St. P 4 
R. R, 11402 Calumet Ave., Chicago. Ex- 


hibit by Tool Foremen Suppliers’ Association. 

AMERICAN SuHort Line RAtILroap ASSOCIATION. 
—R. E. Schindler, Union Trust Bldg., Wash- 
ington, D. C. 

AMERICAN Society oF MECHANICAL ENGINEERS. 
—Calvin W. Rice, 29 W. 39th St., New 
York. Railroad Division. Marion B. Rich- 
ardson, Ahrens & Richardson, 30 Church St., 
New York. 

AmerIcan Transit AssociaTion.—Guy C. Heck- 
er, 292 Madison Ave., New York. Annual 
meeting, September 18-20, 1933, Hotel Stev- 
ens, Chicago, IIl 

AMERICAN Wocp Preservers’ AssociaTion.—H. 
L. Dawson, 1104 Chandler Building, Wash- 
ington, D. C. Annual meeting, January 24- 
26, 1934, Houston, Tex. ° 

AssocIATION OF RAILway Ciaim Acents.—H. D. 
Morris. District Claim Agent, Northern 


Pacific Ry., St. Paul, Minn. 
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ASSOCIATION OF RatLway ELECTRICAL ENGINEERS. 


—Jos. A. foteeneet, 38 ., Room 
411, C. & N. Station, Chicago, Exhibit 
by "Railway Electrical Supply anufactur- 
ers’ Association. 

ASSOCIATION OF RartLway ExXeEcuTives.—Stanley 


Strong, Transportation Building, Wash- 
ington, D. C, 

BripGE AND BuiLp1Inc Supprty MEeEn’s AssSOcIA- 
tion.—S. A. Baber, High Grade Manufac- 
turing Co., 10418 St. Clair Ave., Cleveland, 
Ohio. Meets with American Railway Bridge 
and Building Association. 


CaNaDIAN Rartway Cxius.—C. R. Crook, 2276 
ilson Ave., N. . G., Montreal, Que. 
Regular meetings second Monda of each 


month, except June, j" and August, 
Windsor Hotel, Montrea’ on. 

Car DerartMEeNT Orricers’ AssociatTion.—A. S. 
Sternberg, M. C. B. Belt Ry. of Chicago, 
7926 South Morgan Street, hicago. 

Car ForeMAN’s ASSOCIATION OF CHicaco.—G. K. 
Oliver, 2514 W. 55th St., Chicago. Regular 
meetings, second Monday of each month, 
except June, July and August, Auditorium 
Hotel, Chicago. 

Car Foremen’s Association or Los ANGELES.— 

Krause, Room 299, 610 So. Main St., 
40S Angeles, Cal. Club not active at present 
time. 

Car ForeMen’s AssociaTIOn oF St. Louis, Mo. 
—J.. F. Brady, Main and Barton Sts., St. 
Louis, Mo. Operation suspended indefinitely. 

CenTRAL Rattway Crus or Burrato.—M. 
Reed, 1817 Hotel Statler, McKinley Square, 
Buffalo, N. Y. Regular meetings, second 
Thursday of each month, exc But sig ad 
and August, Hotel Statler alo, N. 

CIncINNATI RartLway CLuB.— R. Boyd, 2520 
Utopia Place, Hyde Park, Cincinnati, Ohio. 
Operation suspended indefinitely. 


CLEVELAND Raittway Crius.—F. L. Frericks, 
14416 Alder Ave., Cleveland, Ohio. Regular 
meetings second Monday of ‘each month, ex- 


cept June, july and August, Hotel Cleveland, 
Cleveland, Ohio. 

INTERNATIONAL RAILROAD MASTER BLACKSMITHS’ 
ASSOCIATION.—W. ayer, Michigan Cen- 
tral R. R., Detroit, Mich. 

INTERNATIONAL RatLway Fuet AssociaTion.—T. 
D. Smith, 1660 Old Colony Building, Chi- 
cago, Ill 

INTERNATIONAL Rattway GENERAL ForREMEN’S 
AssociaTION.—Wm, Hall, 1061 W. Wabasha 
St., Winona, Minn. 

Master Boirer Makers’ Assocration.—A. F. 
Stiglmeier, 29 Parkwood St., Albany, N. Y. 

NATIONAL ASSOCIATION OF RAILROAD AND UTILI- 
TIES COMMISSIONERS.—James B. Walker, 270 
Madison Ave., New York. Annual meeting, 
October 10-13, 1933, Hotel Gibson, Cincin- 
nati, Ohio. 

NaTIONAL ASSOCIATION OF RarILrRoAD Tie PRro- 
DUCERS.—(See Railway Tie Association.). 

NatronaL Rattway APPLIANCES ASSOCIATION.— 


C. W. Kelly, Suite 322, 910 South Michigan © 


Ave., Chicago. Exhibit at A. R. E. A. 
vention. 

Nationa, SaFety Councit.—Steam Railroad Sec- 
tion (See Safety Section, American Railway 
Association). 

New Encianp Rarrroap Cius.—W. E. Cade, Jr., 
683 Atlantic Ave., Boston, Mass. Regular 
meetings, second Tuesday of each month, ex- 
cept June, July, August and September, 
Hotel Statler, Poston, Mass. 

New_York Rartroap Crus.—D. W. Pye, 30 
Church St., New York. Regular meetings 
third Friday of each month, except June, 
ay. and August, 29 W. 39th St., New York 
it 

—_— Rattway Crus.—W. S. Wollner, P. O. 
Box 3275, San Francisco, Cal. Regular 
meetings second Thursday of each month, 
alternately in San Francisco and Oakland. 

Rattway Accountinc Orricers’ AssociaTIon.— 
Ee. BR. son, Transportation Building, 
Washington, D. C. 

Rattway Business Assoctation.—P. H. Mid- 
dleton, (Treas, and Asst. Sec.), First Na- 
tional’ Bank Building, Chicago, Il. Annual 
meeting, November, 1933, Hotel Stevens, 
Chicago, Ill. 

Rattway Cius oF PittsspurcH.—J. D. Conway, 
1841 Oliver Building, Pittsburgh, Pa. Regu- 
lar meetings, fourth Thursday of each month 
except June, July ~ August, Fort Pitt 
Hotel, Pittsburgh, 

RatLway ELEcTRICAL cones MANUFACTURERS 
Assocration.—Edward Wray, 9 S, Clinton 
St., Chicago. Meets with Association of 
Railway Electrical Engineers. 

Rattway Frre Protection Assoctation.—R. R. 
Hackett, Baltimore & Ohio R. R., Baltimore, 
Md. Annual meeting, October 17-18, 1933, 
Hotel Stevens, Chicago, Il 

RatLway Suppry MANUFACTURERS’ ASSOCIATION. 

D. Conway, 1841 Oliver Bldg., Pitts- 
burgh, Pa. Meets with Mechanical Division 
Purchases and Stores Division and Motor 
Transport Division, American Railway As- 
sociation. 

Rattway TELEGRAPH —e TELEPHONE APPLIANCE 
Assocration.—G, A. Nelson, Waterbury Bat- 


con- 


tery Compan 30° ‘Church ’St., New York. 
7 Telegraph and Telephone 
. A. Division I 


Meets with Sec- 


tion of A. 
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Raitway Tie Association.—Roy M. Edmonds, 
1252 Syndicate Trust Bldg., St. Louis. Mo. 

RaiLway TReEaAsuRY OFFICERS ASSOCIATION.— 
L. W. Cox, 1428 Broad Street Station 
Building, Philadelphia, Pa. Annual meet- 
ing, October 6-7, 1933, Chicago, IIl. 

ROADMASTERS’ AND MAINTENANCE oF Way Asso- 
CIATION.—T. F. Donahoe, Gen. Supvr. Road, 
Baltimore & Ohio, Pittsburgh, Pa. ‘Annual 
meeting, September 19-21, 1933, Hotel Stev- 
ens, Chicago, III. 

St. Louis Rartway Crus.—B. W. Frauenthal. 


Drawer 24, M. P. O., St. Louis, Mo. Meet- 
ings temporarily suspended. 
SicnaL Appiiance Association.—G. A. Nelson, 


Waterbury Battery Company, 30 Church St., 
New York. Meets with A. R. A. Signal 
Section. 

Society oF Orricers, EASTERN ASSOCIATIONS OF 
RAILROAD VETERANS. —M. Jones, Balti- 
more & Ohio, Mt. Royal Station, Baltimore, 
Md. Annual meeting, October 7-8, 1933, 
Scranton, Pa. 

SouTHERN AND SOUTHWESTERN Raitway CLuB.— 
A. T. Miller, 4 Hunter St., S. E., Atlanta, 
Ga. Regular eee. third Thursday in 
omer, March, May, July, September and 
November, Ansley otel, Atlanta, Ga. 

SouTHERN ASSOCIATION OF CAR SERVICE OFrt- 
cEers.—R. Parks, A. B. & C. &. R., 
Atlanta, Ga. 

Suprpty Men’s Assocration.—E. H. Hancock, 
Ky Me Louisville ee - Louisville, 

Meets with R. Division V. 
Equipment Painting a.” 
Toot ForemMen Suppriers’ Assocration.—E, E. 
Caswell, Union Twist Drill Co., 11 S. Clin- 
ton St., Chicago, Ill. Meets with American 
Railway Tool Foremen’s Association. 
Toronto RaILway Crus.—N. A. Walford, P. 
Box 8, Terminal “A,’’ Toronto. Regular 
meetings first Friday of each month, except 
une, Faly and August, Royal York Hotel, 
oronto, Ont. 

Track Suppry Assocration.—L. C. Ryan, Ox- 
weld Railroad Service Co., Carbon & Carbide 
Building, Chicago. Meets with Roadmasters 
and Maintenance of Wav Association. 

TRAVELING ENGINEERS’ AssociaTion.—W. O. 
Thompson, 1177 Fast 98th St., Cleveland, O. 

ae oat: Crus.—c. L. Emerson, C. 
M. & P., Chicago, Ill. Regular meet- 

ings Said Monday of each month, except 

June, July, August and September, Hotel 

Sherman, Chicago, Ili. 


Equipment and 
Supplies 





LOCOMOTIVES 


THe DurHAM & SOUTHERN has ordered 
one 2-10-0 type locomotive from the Bald- 
win Locomotive Works. 


Tue Unitep Fruit Company has or- 
dered two 2-8-2 type locomotives from the 
Baldwin Locomotive Works. 


Tue Unitep States Navy DEPARTMENT 
has ordered two Diesel-electric switching 
locomotives of 35-tons’ capacity from the 
Atlas Car & Manufacturing Company. In- 
auiry for this equipment was reported in 
the Railway Age of March 18. 


FREIGHT CARS 


THe NATIONAL REFINING CoMPANY has 
ordered 10 tanks of 8,000 gal. capacity, 
for tank cars, from the General American 
Car Company. 


THe Unitep States ENGINEERS, New 
Orleans, La., are inquiring for four elec- 
trically driven asphalt cars of 20 tons’ 
capacity. 


THE PHILIPPINE RatLtway has ordered 
35 cane cars from the Magor Car Corpora- 
tion,.10 cars to be of 30 tons’ capacity and 
25 of 10 tons. Inquiry for this equipment 
was reported in the Railway Age of June 3. 






PASSENGER CARS 


THe New York Rapip Transit Com- 
PANY (B. M. T.) has ordered from the 
Pullman Car & Manufacturing Corporation 
one multi-section, aluminum alloy, articu- 
lated 5-car train, for service on its elevated 
and subway lines. 


PENNSYLVANIA—AII passenger trains in 
the New York-Philadelphia service of this 
road are to be made up with air-con- 
ditioned coaches, parlor cars and diners as 
early as possible. Its Altoona works has 
already started assembling the necessary 
materials, and the Pullman Company has 
begun to equip in a similar manner the 
necessary additional parlor-lounge cars and 
parlor cars for this particular service. Air- 
conditioned equipment is already in opera- 
tion on all the New York-Philadelphia- 
Washington trains of P.R.R. and when 
the additional cars for the New York- 
Philadelphia service are in use, this road 
will have in operation on its eastern lines 
over 200 cars in which the temperature 
is regulated by artificial means. For over 
a year air-cooled diners have been operated 
on all the limited trains between New 
York, Philadelphia, Chicago, Pitttsburgh, 
St. Louis and Washington. 


MOTOR COACHES 


THE New ENGLAND TRANSPORTATION 
Company has purchased from the Ameri- 
can Car & Foundry Motors Company eight 
21-passenger parlor type buses which will 
be assigned to express service on the route 
be‘ween New York and Springfield, Mass. 


IRON AND STEEL 


Tue SouTHERN Paciric is inquiring for 
1,000 tons of structural steel for a passenger 
station at Houston, Tex. 


THE SOUTHERN has placed an order for 
1,150 tons of 100-Ilb. R. E. rail with the 
Tennessee Coal, Iron & Railroad Company. 


THE St. Louts-SAnN FRANCISCO has or- 
dered 4,300 tons of rails from the Tennes- 
see Coal, Iron & Railroad Company. 


MISCELLANEOUS 


Tue Cuicaco, Rock IsLanp & PAciFic 
Silvis shops, closed since March 10, will 
reopen on July 5, giving employment to 


750 men. 


Tue PENNSYLVANIA, in view of increased 
traffic, and to meet present and prospective 
needs of the service, will place in effect 
during July an augmented program of 
maintenance and repairs of both track and - 
equipment. This will give additional work 
during the month to a number of men now 
on part time. In the maintenance of way 
work, the chief additional activities will be 
concentrated on ballast cleaning, including 
the surface of the track, and increased re- 
newals of rails and ties. The maintenance 
of equipment department activities will 
principally be increased repairs to loco- 
motives and cars, and installation of air- 
conditioning apparatus in passenger cars. 


Continued on second left-hand page 
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BEFORE THE “IRON HORSE” 


RESEARCH IN THE SCIENCE OF METALLURGY D 
PRODUCED AMERICA’S FAMOUS GUN IRON A 


N 1810, almost 20 years before the “Stourbridge 
Lion” arrived in America, Cyrus Alger, son of a 
foundryman, took up his father’s trade, improved 
manufacturing methods and produced a metal several 
times the strength of ordinary iron. 

It was a sensational achievement—American in- 
genuity had developed a metal of tremendous 
value in the manufacture of cannon and heavy 
artillery. Mr. Alger’s discovery of the Air 
Furnace method produced the metallurgical 
term “GUN IRON”. 
a SR Improvement and progress were constant-—— 

J ss\\ 28 ¥y 5? the initiative of Cyrus Alger became a trea- 
a SAAS eee am sured heritage, passed down to the succeeding 
organizations and is zealously followed to 


the present day. 





Casting Guns at the Alger Foundry 


NT~ SPILLER -“’” 








July 1, 1933 RAILWAY AGE 104 





ALS re SPOT}, 





HSGI Locomotive Wearing Parts 


“IHSGI A VITAL MATERIAL 





DEVELOPMENT OF SUPER WEARING QUALITIES 
A BIG FACTOR IN THE EFFICIENCY OF MODERN POWER 


ROM big guns to the wearing parts of big loco- 
motives is a long story replete with industrial 
romance and scientific achievement. 


Research—diligent co-operation with industry and 
continuous improvement in quality has produced a 
metal which is recognized by American railroads to 
be one of the greatest factors contributing to the 





efficiency and economy of operation. HUNT - SPILLER Duplex Sectional 
Packing for Locomotive Cylinders. 
Today, HUNT-SPILLER Air Furnace GUN Big Savings In Fuel and Maintenance 


Are Being Effected by its Application. 
IRON will be found on the locomotives of most all ee ee 


the leading railroads in North America. The 
economies effected are so attractive, that its use and 
scope of application are constantly being extended. 


The more completely equipped, the greater your savings. 


HuntT- SPILLER CORPORA TION 











J. G. Platt. Pres. & Gen M W. Ellet, Vice-President, 

Office & Works HUNT - SPILLER Duplex Sectional 
383 Dorchester Ave. South Boston, 27, Mass. Packing for Locomotive Valve Cham- 
Canadian Representative: Joseph Robb & Co., Ltd., 997 Aqueduct St., Montreal, P. Q bers. One of the Latest Contributions 


Agent for Latin America: to Economical Maintenance of Power. 
International Rwy. Suppiy Co., 30 Church Street, New York. N. Y. 


‘|\Furnace GUN [RON ” 
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Supply Trade 





The Railway Paint Company, Chi- 
cago, has moved its offices from the Lytton 
building to 75 East Wacker drive. 


The Roller-Smith Company, New 
York, has appointed H. R. Houghton 
district sales agent- for Maryland, with 
headquarters at 211 North Calvert street, 
Baltimore, Md. 


George W. Bender has been appointed 
sales representative of the Union Railway 
Equipment Company, Chicago, in charge 
of its northwest territory, with headquar- 
ters at St. Paul, Minn. Through a typo- 
graphical error, the name of this com- 
pany was given as the Union Railway 
Company in the Railway Age of June 24. 


T. F. Thornton has been appointed 
sales manager of the Detroit district, for 
the Babcock & Wilcox Tube Company, 
Beaver Falls, Pa. Mr. Thornton will have 
his headquarters in the Ford building, De- 
troit, Mich. For many years, he has been 
connected with the automotive and steel in- 
dustries, and for the past six years has 
had charge of the sale of tubular products 
of the Pittsburgh Steel Company, in the 
. Detroit district. 


At a meeting of the board of directors 
on June 26, W. J. Harris was elected 
a vice-president of the American Car & 
Foundry Company, New York. Mr. 
Harris will continue in charge of the pur- 





W. J. Harris 


chase section of the A. C. F., which posi- 
tion he has held since his transfer to New 
York from Berwick, Pa., in April, 1920. 
In 1889, he entered the service of the 
Jackson & Woodin Manufacturing Com- 
pany, this being one of the 13 original 
manufacturing companies from which the 
American Car & Foundry Company was 
formed in 1899. 


OBITUARY 


William A. Williams, an assistant 
vice-president in the sales department of 
the American Car & Foundry Company at 
New York, with which company he had 
been associated since its organization in 
1899, died on June 27 at the New York 
Post Graduate Hospital, New York, at the 
age of 64. 
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Construction 





CaLiForNIA & OreEGON Coast.—This 
company has applied to the Interstate Com- 
merce Commission for a certificate author- 
izing the construction of an extension of its 
line from Waters Creek, Ore., to Crescent 
City, Cal., 72 miles, proposing to obtain a 
loan from the Reconstruction Finance 
Corporation for the purpose. It now has 
a line from Grant’s Pass, Ore., to Waters 
Creek. It has also filed an application 
with the R. F. C. for a ten-year loan of 
$5,718,565 for the purpose. 


DetawarE & Hupson.—This company 
has awarded a contract for the elimination 
of the Main street crossing of its line in 
Unadilla, Otsego county, N. Y., at an ap- 
proximate cost of $147,654 to the Bates 
& Rogers Construction Company, Cleve- 
land, Ohio. Structural steel involved has 
been purchased from the Lackawanna 
Steel Construction Corporation, Buffalo, 
N. Y. 


Financial 


ATCHISON, TopEKA & SANTA Fe.—Aban- 
donment.—The Interstate Commerce Com- 
mission has authorized this company to 
abandon a 19.5-mile branch line extend- 
ing from Quenemo, Kans., to Osage City. 
Railway operating revenues of the line de- 
clined from $11,197 in 1928 to $4,545 in 
1932, due to highway competition and the 
depression. Meantime the company has 
paid taxes averaging $13,343 annually. 





Cuicaco Union Sration. — Tentative 
Valuation—Division 1 of the Interstate 
Commerce Commission has issued a tenta- 
tive valuation report as of December 31, 
1927, finding the final value for rate-mak- 
ing purposes of the property owned and 
used for common-carrier purposes to be 
$46,500,000 and that of the property used 
for such purposes to be $47,350,000. This 
includes $26,192,696 as the cost of repro- 
duction less depreciation and $20,757,026 
as present value of land. The original cost 
to date, not including lands, was found to 
be approximately $41,707,394 for property 
owned and used, but only $3,998,225 was in- 
cluded in the reproduction figure for inter- 
est during construction, whereas the re- 
corded amount was $21,087,903, covering a 
considerable period during which work was 
delayed by the war and by labor troubles. 
The total recorded cost of construction, in- 
cluding lands, was $71,323,905. Part of 
the property is classified as non-carrier. 
The investment in road and equipment, in- 
cluding land, on date of valuation, was 
stated on the books as $95,211,045. With 
readjustments required by the accounting 
examination this would be reduced to $87,- 
841,411, including $60,469,963 recorded 
money outlay, including $17,664,116 for 
interest during construction. 


Fonpa, JOHNSTOWN & GLOVERSVILLE.— 
Salary of Trustee Fixed By I. C. C——The 
Interstate Commerce Commission has pre- 
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scribed $7,500 as the maximum salary to be 
paid to J. Ledlie Hees, who has been ap- 
pointed by the federal court as trustee for 
the property, following the filing of a re- 
organization petition. Mr. Hees addressed a 
letter to the commission asking that the sal- 
ary be fixed at at least $15,000 a year, the 
amount he had formerly received as presi- 
dent, stating that his salary was voluntarily 
reduced to $10,800 in 1931 but that it ought 
to be restored in view of the fact that he 
was required to give a bond for $50,000 
and that the duties would require his entire 
time. Under the law the salary may be 
fixed by the court subject to a maximum 
prescribed by the commission. 


Great NorTHERN.—Bond Plan in Effect. 
—The company has announced that holders 


.of over 80 per cent of St. Paul, Minne- 


apolis & Manitoba consolidated bonds have 
consented to its plan for extending their 
maturity date from July 1, 1933, to July 
1, 1943. The first National Bank of New 
York is purchasing the bonds of holders 
who fail to agree to the extention of the 
maturity date. 


Gutr, Cotorapo & Santa Fe—Aban- 
donment.—This company has applied to the 
Interstate Commerce Commission for au- 
thority to abandon a branch line from 
Bragg, Tex., to Saratoga, 9.17 miles. 


Kansas City SoutHERN.—Omits Pre- 
ferred Dividend.—Directors of this com- 
pany have omitted the quarterly dividend 
on its preferred stock due at this time. 
For the first quarter of the current year 
50 cents per share was declared. Prior 
thereto the quarterly rate had been $1. 


Lone IsLanp.—A bandonment.—This com- 
pany has applied to the Interstate Com- 
merce Commission for authority to aban- 
don its line from Port Jefferson, N. Y., to 
Wading River, 11 miles. 


New York, New Haven & Hartrorp.— 
Authorized to Acquire Control of Line— 
The Interstate Commerce Commission has 
authorized this company to acquire control 
of the 1.9-mile line (with 1.2 miles of sid- 
ings) of the South Manchester R. R. in 
South Manchester, Conn., by purchase of 
its capital stock for $1 from Cheney Bros., 
Inc., silk manufacturers. The New Haven 
will in addition cancel a debt of $35,901 
owed to it by the South Manchester. The 
New Haven estimates that it can operate 
the property for $8,812 annually, as com- 
pared with an average of $29,159 under 
independent operation. 


Ozark & Puitporr VALLEY.—R. F. C. 
Loan—This company has applied to the 
Reconstruction Finance Corporation for a 
loan of $75,000 to complete construction of 
a line in Franklin county, Ark. 


ToLEvo & WESTERN.—A bandonment.— 
The Interstate Commerce Commission has 
authorized this company, operating an 
electric line hauling, principally, freight, 
to abandon that portion of its line from 
Allen Junction, Ohio, to Pioneer, 43.3 
miles. Residents and business men along 
the line protested the proposed abandon- 
ment, but the company estimated that the 
operating deficit of this segment had varied 
between $28,000 and $84,000 each year for 
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the past five years. Taxes have, in the 
same period, fluctuated between $6,000 and 
$11,000. Abandonment is conditioned upon 
the willingness of the company to sell all 
or any portion of the segment at salvage 
value to anyone who will keep it in opera- 
tion. The Toledo & Western is controlled 
jointly by the Wabash and the Willys- 
Overland Company. 


Average Prices of Stocks and of Bonds 


Last Last 
a June 27 week year 
Average price of 20 repre- 
sentative railway stocks.. 43.15 40.89 11.44 
Average price of 20 repre- 
sentative railway bonds.. 70.31 68.60 49.51 


Valuation Reports 


The Interstate Commerce Commission 
has issued final or tentative valuation re- 
ports finding the final value for rate- 
making purposes of the property owned and 
used for common-carrier purposes as of the 
respective valuation dates as follows: 


Bonhomie & Hattiesburg 

Southern .....csceeeee. $520,000 (final) 1928 
eS 465,000 (final) 1927 
Port Angeles Western.....2,075,000 (final) 1927 
East Texas & Gulf........ 48,000 (final) 1927 
Chicago Union Station oe rrnnanes 1927 
ee ’ Owned .... 204 
New Haven & Dunbar <=... 5,304) 1927 


Dividends Declared 


Allegheny & Western.—$3.00, payable July 1 
to holders of record June 20. ie sated 

Clearfield & Mahoning.—$1.50, semi-annually, 
payable July 1 to holders of record June 20. 

Cleveland, Cincinnati & St. Louis. — $5.00, 
semi-annually; 5 per cent preferred, $1.25, quar- 
terly; both payable June 30 to holders of record 
June 21. | 

Connecticut & Passumpsic Rivers.—6 per cent 
preferred, $3.00, semi-annually, payable August 
1 to holders of record: July 1. 

Kansas City Southern. — Preferred dividend 
omitted, 

Lehigh & Hudson River.—$1.00, quarterly, pay- 
able June 30 to holders of record June 13. 

Massawippie Valley.—$3.00, semi-annually, pay- 
able August 1 to holders of record July 1. 

Norfolk & Western.—Common, $2.00, quarter- 
ly, payable September 19 to holders of record 
August 31; — preferred, $1.00, quarter- 
ra ——— ugust 19 to holders of record 
uly 31, 

Northern Central.—$2.00, semi-annually, pay- 
able July 15 to holders of record June 30, sie 

Paterson & Hudson River.—$1.75, semi-annual- 
tara Ol Li venton—$ 

iladelphia renton.—$2.50, quarterly, pay- 
able July 10 to holders of record July j sigh 

Providence & Worcester.—$2.50, payable July 
1 to holders of record June 14. 

Reading Company.—Common, 25 cents, quar- 
terly, payable August 10 to holders of record 
July 13; first preferred, 50 cents, quarterly, 
payable September 14 to holders of record August 
24; second preferred, 50 cents, quarterly, payable 
October 12 to holders of record September 21. 

Rome & Clinton.—$2.75, semi-annually, payable 
July 1 to holders of record June 21. 


Railway 
Officers 


FINANCIAL, LEGAL AND 
ACCOUNTING 


D. D. Weikert, chief clerk to the secre- 
tary of the Reading, has been appointed 
assistant secretary. 


OPERATING 


UA. R. McLeod has been appointed as- 
sistant superintendent of the Laurentian 
division of the Canadian Pacific, succeed- 
ing W. C. Beck, promoted. 
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Norman McMillan, superintendent of 
the Bruce division of the Canadian Pacific 
at Toronto, Ont., has been appointed as- 
sistant to the general manager, eastern 
lines. B. J. Quilty, superintendent of the 
Trenton division has been transferred to 
the Bruce division. 


C. C. McHugh, a trainmaster on the 
Chicago, Rock Island & Pacific, with 
headquarters at Trenton, Mo., has been 
appointed acting superintendent of the 
Cedar Rapids-Dakota division, with head- 
quarters at Cedar Rapids, Iowa, to suc- 
ceed A. L. Haldeman, who has _ been 
granted a leave of absence because of ill- 
ness. 


Paul W. Johnston, assistant superin- 
tendent of transportation of the Erie, who 
has been promoted to superintendent of 
transportation, with headquarters as before 
at Cleveland, Ohio, was born on July 5, 
1892, at Transfer, Pa. He received his 
higher education at Allegheny College, 
Meadville, Pa., and first entered the serv- 
ice of the Erie on July 1, 1909, serving as 
a clerk and agent at various points during 
his school vacations. In 1918 he was ap- 
pointed station supervisor with headquar- 
ters at Meadville, and in the following 





Paul W. Johnston 


year he was further promoted to rules 
examiner with the same headquarters. In 
1920, Mr. Johnston was advanced to super- 
visor of station service, with headquarters 
at Hornell, N. Y., being appointed train- 
master at Elmira, N. Y., in 1921. He 
was transferred to Hornell a year later, 
and in 1923 he was appointed chief clerk 
to the superintendent at Meadville. Four 
years later Mr. Johnston was again ap- 
pointed trainmaster with the same head- 
quarters, which position he held until 1929, 
when he was promoted to assistant super- 
intendent of transportation, in which 
capacity he remained until his recent pro- 
motion to superintendent of transportation. 


P. S. Lewis, assistant to vice-president 
in charge of operation and maintenance of 
the Reading, has been appointed general 
superintendent succeeding V. B. Fisher, 
who has been granted leave of absence. 
W. W. Rhoads, chief clerk to vice-presi- 
dent in charge of operation and main- 
tenance, has been appointed assistant to 
vice-president, succeeding Mr. Lewis. 
George N. Ewing, assistant superin- 
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tendent of the Philadelphia division, has 
been appointed superintendent to succeed 
J. C. Peters, who has been appointed 
special representative of the operating and 
N. N. Baily, 


traffic departments. for- 





P. S. Lewis 


merly assistant trainmaster, Reading di- 
vision, has been appointed assistant super- 
intendent of the Philadelphia division. Mr. 
Lewis, whose early years on the Reading 
were in the engineering and maintenance 
of way departments, was born on May 
10, 1889, at Springfield, Ill., and attended 
Princeton University. He entered the serv- 
ice of the Reading in July, 1911, and after 
holding various positions in the engineer- 
ing and maintenance of way departments, 
and seeing extended service in the engineer- 
ing corps of the United States Army dur- 
ing the World War, he returned to the 
Reading as a trainmaster. Later he held 
the position of superintendent at several 
points and in December, 1932, he was ap- 
pointed assistant to vice-president in 
charge of operation. A complete sketch 
of Mr. Lewis’ career appeared in Railway 
Age of October 8, 1932, page 519. 

Mr. Fisher, formerly general super- 
intendent, was born on July 8, 1867, and 
entered the service of the Reading on April 
1, 1882, as messenger, and on December 6, 
1890, was appointed train dispatcher on the 
Shamokin division. Seven years later Mr. 
Fisher was appointed assistant trainmaster 
and on February 1, 1913, he became train- 
master. On January 30, 1918, he was ap- 
pointed superintendent of the Shamokin 
division and on July 8, 1920, he was ad- 
vanced to general superintendent of the 
system. 

Mr. Rhoads, who was born on November 
15, 1889, entered the service of the Reading 
on September 26, 1906, as a messenger at 
the Port Richmond terminal. A year later 
he was transferred as clerk into the trans- 
portation department, and on January 16, 
1915, he was transferred as clerk to the of- 
fice of vice-president and general man- 
ager. A year later he was transferred in 
the same capacity to the general manager’s 
office. On December 1, 1917, he was ap- 
pointed clerk in the vice-president’s office, 
and on June 15, 1918, Mr. Rhoads was ap- 
pointed secretary to the federal manager. 
On March 1, 1920, he became secretary to 
the vice-president, and on February 1, 1924, 
he was promoted to assistant chief clerk 
in the office of the vice-president. Mr. 
Rhoads ‘became chief clerk to the vice- 
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ESEARCH and Development Work carried on through fifty years of manufacturing 
railroad equipment has enabled this company to offer many new and improved devices 


for the more efficient and economical operation and maintenance of the railway systems 
throughout the world. 


Our laboratories have also developed through special treatment, materials having 


strength and wearing qualities far in excess of those normally found in the material. 


A recent improvement in railroad equipment which has many important advantages 
is the National Type ‘B”’ Truck. 





Advantageous Features of Type “B” Trucks 


No Spring Plank Increased Spring Capacity More Flexible 
Lighter and Stronger Improved Brake Rigging Fewer Parts 

More Revenue Load Safety Devices Cast Integral No Lost Springs 
More Track Clearance Less Frame and Bolster Wear Lateral Motion 
Springs cannot go solid Journal Box Water Ledge Easier Riding 
Longer Spring Life Quick Wheel Change No increase in cost 


All-Coil and ‘Coil-Elliptic’’ Spring Suspensions are interchangeable in Type ‘‘B”’ Trucks, 
without reduction of side clearance. 


Treatise No. 5133 explaining these advantages will be mailed upon request 


NATIONAL MALLEABLE AND STEEL CASTINGS CO. 
General Offices: CLEVELAND, OHIO 
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-CONOMY 


IN MAINTENANCE 


ROTECTION of both cars and lading against the damaging shocks to which they are 


subjected in the handling of heavy trains, has long been one of the chief problems of 
transportation by rail. 














TH 


Nearly a score of years of experimental work and service tests, to develop a smoothly 
working friction draft gear capable of cushioning both light and heavy shocks, yet rugged 
enough to withstand extreme oversolid blows, have resulted in the production of the 


NATIONAL M-17-A DRAFT GEAR. 


For the satisfactory performance of these gears, the American Railroad Association, 
Division 5, Mechanical, has issued to this company their Certificate of Approval. 





The National M-17-A Draft Gear stands high in the combination of Capacity, Sturdiness 
and Endurance. It absorbs the shocks with a smoothness of action that affords the utmost 
protection to lading, and prolongs the life of both car and draft gear. 


Write for Circular No. 1932 


NATIONAL MALLEABLE AND STEEL CASTINGS CO. 
General Offices: CLEVELAND, OHIO 
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president on May 1, 1929, which position 
he has held until his recent appointment 
as assistant to vice-president. 





William W. Rhoads 


Mr. Ewing was born on December 29, 
1899, and received his education at William 
Penn Charter school and Lehigh Uni- 
versity. He entered the service of the 
Reading in February, 1923, as assistant 
supervisor at Tamaqua. In April, 1925, 
he was appointed mechanical supervisor at 





George N. Ewing 


Philadelphia and in January, 1926, he. be- 
came assistant to trainmaster. In March, 
1927, Mr. Ewing was appointed acting 
assistant trainmaster at Wayne Junction. 
In April, 1928, he became assistant train- 
master at Wayne Junction and two years 
later was promoted to assistant train- 
master on the New York division. On 
September 1, 1931, Mr. Ewing was ap- 
pointed assistant superintendent, New York 
division, and a year later he became as- 
sistant superintendent of the Philadelphia 
division. 


ENGINEERING AND 
SIGNALING 


Edward Wise, Jr., who has been engi- 
neer in charge of the Birmingham, Ala., 
grade separation project of the Louisville 
& Nashville, has been appointed to the 
newly-created position of division engineer 
of the Pensacola division, with headquar- 
ters at Pensacola, Fla. 


F. J. Bishop, engineer of bridges, build- 
ings and signals of the Toledo Terminal, 
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at Toledo, Ohio, has been appointed en- 
gineer maintenance of way to succeed Ray 
Stephens, who has been assigned to other 
duties. The position of engineer bridges, 
buildings and signals has been abolished. 


Following a consolidation of divisions on 
the Michigan Central in which the North- 
ern division, with the exception of the 
Rives Jct.-Bay City branch, was merged 
with the Detroit division, and the Middle 
division and the Rives Jct.-Bay City branch 
were consolidated to form the Michigan 
division, a number of changes among di- 
vision engineers have been made. John 
Evans remains as division engineer of the 
enlarged Detroit division, with headquarters 
as before at Detroit. W. O. Houston, 
division engineer of the Middle division, 
has been appointed to the same position on 
the new Michigan division, with head- 
quarters as before at Jackson, Mich. S. 
D. Williams, Jr., division engineer of the 
Northern division, with headquarters at 
Bay City, Mich., has been appointed to 
the newly-created position of engineer of 
track, with headquarters at Detroit. E. R. 
Lewis, principal assistant engineer, has 
been appointed office engineer with head- 
quarters’as before at Detroit. 


MECHANICAL 


Theodore A. Foque, who retired as 
general mechanical superintendent of the 
Minneapolis, St. Paul & Sault Ste. Marie, 
on July 1, as noted in the Railway Age of 
June 24, was born on January 14, 1866, at 
Boston, Mass., and received his technical 
education at Massachusetts Institute of 
Technology. He entered railway service in 
1888 as chief draftsman and engineer of 
tests of the Soo Line and has served con- 
tinuously with this company ever since. In 
1894 he was advanced to assistant me- 
chanical superintendent and in 1901 he was 
made mechanical superintendent, being ad- 
vanced to general mechanical superin- 





Theodore A. Foque 


tendent in 1909, which position he held con- 
tinuously until his retirement. During fed- 
eral control of the railroads, Mr. Foque’s 
jurisdiction as general mechanical super- 
intendent of the Soo Line was extended 
over the Duluth, South Shore & Atlantic, 
the Mineral Range Railroad, the Copper 
Range Railroad and the Lake Superior 
Terminal & Transfer Company, and upon 
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the return of the railroads to private con- 
trol, he retained jurisdiction of the D. S. 
S. & A. and the Mineral Range. 


OBITUARY 


W. H. Olin, supervisor of agriculture 
of the Denver & Rio Grande Western, with 
headquarters at Denver, Colo., died sud- 
denly on June 21 at the age of 71 years. 


R. Boone Abbott, assistant general 
superintendent of the Reading, with head- 
quarters at Reading, Pa., died at his home 
at Reading on June 25. Mr. Abbott was 
to have been appointed superintendent of 
the Reading division, in connection with an 
announcement of changes among certain 
operating officers of the Reading, released 
on June 24. He was born at Philadelphia, 
Pa., on July 14, 1881. He entered railway 
service with the Philadelphia & Reading 
on October 1, 1900, and in December of 
the same year was appointed assistant 
supervisor at Tamaqua. In 1905, he was 
transferred to Reading and two months 
later to Harrisburg. On June 6, 1905, he 
was promoted to supervisor at Allentown, 
Pa., later serving in the same capacity at 
Olney, Philadelphia and Pottsville, Pa. 
He was promoted to division engineer at 
Harrisburg, Pa., in March, 1910, in which 
capacity he served until March, 1916, when 
he was promoted to superintendent of the 
Shamokin division, later in the same month 
being transferred to the Harrisburg di- 
vision, with headquarters at Harrisburg. 
In August, 1918, Mr. Abbott was appointed 
superintendent of the New York division, 
and on March 1, 1920, was promoted to 
assistant general superintendent, which 
position he was holding at the time of his 
death. 


David Sloan, formerly chief engineer 
of the Illinois Central, died on June 25, at 
Wilmette, Ill., a suburb of Chicago, at the 
age of 85 years. Mr. Sloan was born on 
July 4, 1847, at Belfast, Ireland, and en- 
tered railway service in 1871 as a chain- 
man on construction with the Lake Shore 
& Michigan Southern (now part of the 
New York Central). In 1874 he went with 
the Eastern Kentucky (now the Eastern 
Kentucky Southern) as assistant engineer 
at Grayson, Ky., and after three years with 
this company he returned to the L. S. & 
M. S., on harbor work at Ashtabula, Ohio. 
From 1883 to 1887 he was with the Chi- 
cago & Atlantic (now part of the Erie), 
serving as chief engineer during the last 
two years of this period. In the latter 
year Mr. Sloan went with the Chicago, 
Milwaukee & St. Paul as an assistant engi- 
neer, soon leaving this road to become as- 
sistant chief engineer of the Illinois Cen- 
tral. On August 1, 1897, he was advanced 
to acting chief engineer and in January, 
1898, he was appointed chief enginecr, 
which position he held until 1901, when he 
was appointed chief engineer of construc- 
tion of the Illinois Central. In 1902 Mr. 
Sloan left railway service to become chief 
engineer with the MacArthur Brothers 
Company, general contractors at Chicago, 
later serving this company as consulting 
engineer. Since his retirement Mr. Sloan 
has made his home at Princeton, N. J. 
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